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Able-One...a new apogee in scientific teamwork! 


Preparation and execution of an undertaking such as the United States’ IGY space probe demanded the participation 


and exceptional efforts of 52 scientific and industrial firms and the Armed Forces. The Advanced Research 


Proje 


; 


ts Agency and the AFBMD a 


ssi 


ssigned Space Technology Laboratories the responsibility for the project which was carried 


inder the overall direction of the National Aeronautics and Space Agency. One measure of this 


s the spectacular success of the Able-One flight into outer space. 


Ist stage: Vehicle, Douglas 
Aircraft Thor IRBiM; propul 
sion, Rocketdyne; airframe, 
control. electrical and in 
strumentation, Douglas Air 
craft; assembly, integration 
and checkout, Douglas Air 
raft 


Inquiries 
concerning openings 
on our staff will be 
welcomed by 


Space Technol 


2nd stage: Propulsion system 
and tanks, Aerojet-General; 
control, electrical, instru 
mentation, accelerometer 
shutoff, and spin rocket 
systems, STL; assembly in 
tegration, and checkout, STL 


3rd stage: Rocket motor, U 
S. Navy Bureau of Ordnance 
and Allegheny Ballistic 
Laboratory; structure and 
electrical, STL; assembly, 
integration, and checkout, 
STL; ground testing, USAF’s 
Arnold Engineering Develop- 
ment Center. 


ogy Laboratories, Inc. 


5730 Arbor Vitae Street, Los Angeles 45, California 


Payload: Design and pro- 
duction of Pioneer, the pay 
load of the Able-One vehicle 
was conducted by STL in 
addition to its overall tech 
nical direction and systems 
engineering responsibility 
of the Air Force Ballistic 
Missile Division project 
This highly sophisticated 
package included a NOTS TV 
camera and transmitter and 
Thiokol rocket motor 
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steel industry, the best? (See article 
beginning on page 19 of this issue.) 


machines that perceive 


quarter 


reinforcing the plastics revolution 


organizational decision-making research 


Next 


; Lai j ; ; j . 
and other articles of intere to industrial executive 


INDUSTRIAL RESEARCH —sANUARY, 1959 BD TRIAL RESEARCH JANUARY 





research comment 


anti-smog ... 10 
anti-smoking ... 10 
anti-water pollution ... 10 
atomic competition ... 10 
atomic liability ... 10 
foreign plastics ... 29 

fourth service? ...8 

have rocket—let’s travel... 8 
heredity control ... 10 
individual vs. team ... 8 
management and design ... 85 
market potential . . . 29 
mother love ...10 

our cyclotron is bigger .. . 10 
ocean of expansion .. . 29 
population exploding ... 10 
R & D contracts . . . 83 
shades of sputnik ... 30 
symptom strips ... 10 
thulium, 99% pure... 29 


upgrading engineers .. . 30 
a special report 


videotape in your future? ...8 


wages, morals, research ...8 
weapons development ...8 
wonder metals ... 29 


& iMOUSTRIAL RESEARCH—JANUARY, 1959 








SEARCH 


1959 forecast: $12 billion for research ... 12 


An industry-by-industry account of research to be conducted 
and money to be spent during this year. 


are american steel methods growing old? ...19 
After the steel recession: 
what the dinosaur of industry is doing to assure survival. 


your dollar returns from research ... 76 


It's not enough to “buy some technology”’ and watch it pay off. 


the flying machine: a new era 
(part 1, aircraft) ... 32 


Airplanes are passé. The new aircraft don't plane; 
the fast machines fly above the air. 


tape recording today ... 63 


a) industrial applications b) a view from the laboratory 


Two articles tell how industry is running its machines 
with tape—and new methods now in the laboratory. 


why isn't the post office automated? ... 56 


With mailing methods dating back to Benjamin Franklin, 
the PO had to raise its rates to meet the deficit. Why? 


uncooperative research ... 30 


A brief and humorous account of some once-serious inventions. 


semiconductors: a dynamic new industry ... 72 


Some 55 U.S. firms are making semiconductors today, and selling 
them for almost $300 million a year. 


the research trendletter ... 38 


A “‘newsletter’’-type roundup of recent trendsetting developments. 


is there really a shortage of engineers? 


I-R 


world-wide television and telephone dialing 


an 


the world's hottest alloys 


machines that perceive 


quarter 


reintorcing the plastics revolution 


organizational decision-making research 


Next 


. and other articles of interest to industrial executives 


INDUSTRIAL RESEARCH -JANUARY, 1959 7 








Please send me Industrial Research magazine regularly: 


(J $3 for one year (4 issues) 
(] Check enclosed 
[] $4 for two years (8 issues) 


() Bill me later 
(1) $5 for three years (12 issues) 


s 
A 
co 
o* 
= 
7 - 
-———— ~ — 
cx% — me be r 3 
—" ee ae, 
* ae a 
? » ys « ‘yh * * \ 





Please send me Industrial Research magazine regularly: 


[} $3 for one year (4 issues) 
(1) Check enclosed 
[) $4 for two years (8 issues) 


[") $5 for three years (12 issues) {} Bill me later 


Good only in U.S., U.S. possessions, and Canada. Add $1 to each of above rates for foreign subscriptions. 





editor Neil P. Ruzic 


advertising director Henry G. Swambat 


circulation manager M. P. Bertness 


photographer Jon R. Pownall 


technical editor Dr. H. L. Garbarino 
news editor Walter Esse 
contributing editors K. M. Wylie Jr. 
Dr. Joseph W. Still 
D. H. Radler 


advertising representatives 


New England A. Jay Davis 
Litchfield, Conn. 
JOrdan 7-9191 


Eastern William H. Tindall 
30 Church St., New York 7 
BEekman 3-6672 


Midwestern Walter W. McDonough 
105 So. LaSalle St., Chicago 
Financial 6-0713 


Southwestern Bob Wettstein & Assoc. 
672 S. LaFayette Prk. PI., 
Los Angeles 57 
DUnkitk 8-2286 


Northwestern Bob Wettstein & Assoc. 
355 Stockton St., 
San Francisco 8 
YUkon 2-9537 


INDUSTRIAL RESEARCH: editorial, circulation, 
and advertising offices, 200 S. Michigan Av., 
Chicago 4, Ill. Vol. 1, No. 1, January, 1959, 
published quarterly by Scientific Research Pub 
lishing Co. Inc. 


Subscriptions: $3 for one year; $4 for two years, 
to United States, its possessions, and Canada; 
$1 per year extra for each rate to foreign 
countries. Foreign remittance by International 
Money Order payable at Chicago, Ill., U.S.A. 
industrial Research (leR) is issued during the 
first week of January, April, July, and October 
When changing address, please notify Circula 
tion Dept. at address above. As |eR is a man 
agement magazine, changes of job title are 
important and notification is appreciated. 


Advertising: |¢R accepts 1, 2, 3, and 4-color ads, 
either offset or letterpress. Inserts, special paper 
stocks, die-cuts are available. Rate and data 
card showing complete closing date schedule, 
special colors, and frequency and bulk rates, is 
available to advertisers and agencies. Telephone: 
HArrison 7-1794, Chicago; address above. 


Editorial: Professional science writers, industrial 
executives, research workers, educators, artists, 
and photographers are invited to query the edi 
tor at address above, with ideas for articles or 
art. Do not send manuscripts without query 
Answers to queries are prompt. 


Reproduction prohibited without permission. 


Copyright © 1959, by Scientific Research Pub- 
lishing Co. Inc. 











SEARCH 


1959 forecast: $12 billion tor research ...12 


An industry-by-industry account of research to be conducted 
and money to be spent during this year. 





are american steel methods growing old? ...19 


After the steel recession: 


what the dinosaur of industry is doing to assure survival. 


your dollar returns from research ... 76 


It’s not enough to “‘buy some technology’’ and watch it pay off. 


the flying machine: a new era 
(part 1, aircraft)... 32 


Airplanes are passé. The new aircraft don't plane; 
the fast machines fly above the air. 


tape recording today ...63 


a) industrial applications b) a view from the taboratory 


Two articles tell how industry is running its machines 


with tape—and new methods now in the laboratory. 


why isn't the post office automated? ... 56 


With mailing methods dating back to Benjamin Franklin, 
the PO had to raise its rates to meet the deficit. Why? 


uncooperative research ... 30 


A brief and humorous accoun! of some once-serious inventions. 


semiconductors: a dynamic new industry ... 72 


Some 55 U.S. firms are making semiconductors today, and selling 


them for almost $300 million a year. 


the research trendletter ... 38 


A “newsletter’’-type roundup of recent trendsetting developments. 


is there really a shortage of engineers? 


I-R 


world-wide television and telephone dialing 


the world's hottest alloys 


machines that perceive 


~~ 
~ 
— 
— 
— 
~ 
~ 
— 
~ 


reintorcing the plastics revolution 


organizational decision-making research 


Next 





. and other articles of interest to industrial executives 


INDUSTRIAL RESEARCH ANUARY, 1959 7 


METALLIC 
TAPES 


for 
INDUSTRY 


For recording, electronic com- 
puting and other applications 
where close tolerance, controlled 
surface (less than 10 micro- 
inches), burr-free slit edge and 
maximum continuous length are 
essential, SOMERS quality metal- 


lic tapes are a must. 


Currently being produced are 
Nickel, Copper and alloys in- 
cluding Monel, Inconel, Brass, 
and Nickel 
Silver and Stainless Steel. 


Phosphor Bronze 


Gauges range from .000175” to 
.010" and widths from Ye" to 
25” depending on thickness. 


Whatever your strip problem 
may be, you'll find satisfaction 
with SOMERS THIN STRIP. Write 
for confidential data blank or 


field engineer. 
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Somers Brass Company, Inc. 
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RESEARCH COMMENT 


Res: ARCH COMMENT is an editorial: a 
column of pros, cons, interpretations, 
plans, criticisms—in short, wweas. Some 
are good ideas, some bad, but even the 
latter are worthwhile since mistakes can 
he profited by 
Wages, morals, research 

Business today is criticized for taking 
a weak stand against inflation—which 
means failing to fight unions and their 
wage increases more vigorously. It wasn't 
too many years ago that the suggested 
attitude would have been hailed as big 
business hunger, called Greed. 

Something new has been added to the 
firepot in recent years which makes a 
middle road both moral and anti-infla- 
tionary. It’s industrial research, probably 
the fastest growing major “industry” in 
America. By creating new products and 
better ways of doing things, industrial 
research is our main hedge against infla 
tion in a defense-spending economy 

Latest productivity figures, incidental 
ly, support this view: today’s workers 
turn out 37% more than a lesser num- 
ber did in 1948 


Individual vs. team 

Promoters of institutional research are 
ill-informed about facts according to W 
J. Kroll, originator of the famous Kroll 
producing metallic 
titanium and zirconium 


process used for 


Kroll points out that in the last few 
years two-fifths of all U. S. patents have 
been taken out by individual inventors, 
and that only a very few institutional 
scientists ever received the Nobel Prize 
To support his view he cites the book, 
The Sources of Invention, which lists 33 
twentieth-century individual inventors 
who brought about great advances and 
only 21 famous “team” inventors 

The problem seems to break down 
into basic and applied research. The 
former needs little organization and not 
much equipment—only an idea 

But applied research does lend itself 
to organization, and one way of increas 
ing technological development is by in 
creasing technological development activ 
ity. Setting up institutions and teams just 
happens to be the easiest way of accom 


plishing this 


Is videotape in your future? 

Recent “newsletters” have given the 
impression that industry can save all 
kinds of money with the new videotape 
They point to the fact that tape, which 
needs no processing, is 90% cheaper 
than film and that it can be erased and 
used again 

That's true, and we're all for it. But 
let's be reasonable. Videotape machines 
today cost $50,000 and weigh 1,000 


pounds. The TV people are almost the 
only ones who can afford it currently. 
They record live shows on tape for re- 
broadcasting—so much so they've in- 
creased tape recorders for this use by 
1,000% during the past year. 

Later, though, if research can bring 
down the price (the heck with the 
weight) you'd simply point a TV camera 
instead of a movie camera. The image 
signals from the camera would go to a 
tape recorder, thence to one or more 
closed-circuit telescreens—in one or more 
places. 

Future applications will include mo- 
tion studies, disassembly of machines, 
executive speeches, conferences, conven- 
trons, etc. 

For the straight story on industrial 
applications of videotape and other mag- 
netic recording uses and current research, 
see the joint articles beginning on page 
58 of this issue. 

A fourth service? 

A lot has been said about centralizing 
military R&D as a separate civilian activ 
ity. Clifford R. Rassweiller, president of 
the American Chemical Society, has a 
better idea. 

He wants us to have a fourth branch 
of the military outside the Army, Navy, 
and Air Force for this purpose. Such a 
service would provide incentives for 
officers to devote their careers to R&D— 
which is not possible under the present 
system. 

John L. Burns, president of RCA, goes 
one step further. Burns says the need for 
overall planning in all fields of interest 
to the nation is so urgent that a fourth 
branch of government is_ necessary. 
Ranking in importance with the legisla- 
tive, executive, and judicial branches, the 
“Permanent Council on Plans and Pol- 
icies” would be made up of top leaders 
in education, science, business, etc. Its 
function: to look to the future 
Weapons development 

The Army’s R&D chief, Lt. Gen 
Arthur G 
could speed weapons development if in- 


Trudeau, says the services 


dustry were allowed more flexibility 

His comment: “Many times I’ve au- 
thorized companies to change details of 
a project and then watched 150 other 
civilians and lieutenant colonels check 
on it.” 

We don't hear industry disagreeing. 
Have rocket—let’s travel 

Dr. H. S. Seifert of the Space Tech- 
nology Labs in Los Angeles comments 
that at least 10 companies “have rocket 
—will travel.” He believes that propul- 
sion is no longer the limiting factor in 
space travel—that guidance and com- 
munication now are the real problems. 
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H« F the world is half asleep! Men who could be making éwice their present 
i salaries are coasting along, hoping for promotions but doing nothing to 


bring themselves forcefully to the attention of management 

Thev re wasting the most fruitful ye irs of thei business lives throwing away 
thousands of dollars they may never be able to make up. And, oddly enough, 
they don’t realize—even remotely—the tragic consequences of their failure to 
forge ahead while time is still on their side 


These are the men who are unknowingly headed for the frustrations and the 
disappointments of mediocrity. They'll go part way up the ladder and down again e 
by the time they're fifty years old. They'll be executive 





material in their twenties 


_—-— oe —_—_—— i ee 
and thirties—and clerks in their fifties. They'll have high hopes for themselves ALEXANDER HAMILTON INSTITUTE 
and their families while they're young: but only str — g, skimping and regret Dept. 105 71 W. 23rd _ New York 10.N.Y 
later on when their earning power should be at its ght In Canada: 57 Bloor St., W., Toronto, Ontario, Canada 


‘Send for Your Free Copy of aie Ahead in Business” Please Mail Me, Without Cost, a Copy of Your 48-Page Book ~ 


If you want to discover ow to succeed while you are still young if you want “FORGING AHEAD IN BUSINESS” 
to avoid the heartbreak of failure in later years—send today for “Forging Ahe 
in Business”... one of the most practical and realistic booklets ever written on 


the problems of pers mal advancement 


Here you will find—not a “pep talk.” not an academic lecture—but cold, hard 
i pe} ta ’ Firm Name 
fa ts on | w i nprove your po ion and increase your income You will be 
told what the qualifications of an executive are int y's competitive market 
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do to accumulate this knowledge 


“Forging Ahead in Business” was written for mature, ambitious men who seri Position 
ously want to get down to bed-rock in their thinking about their business future. 
If you feel it is meant for you, simply fill in and return this coupon. Your com- 
plimentary copy will be mailed to you promptly. 
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comment... 


inti-smog 


\ radical change in the nation’s atti 


de toward air pollution is taking place 
Ihe change is reflected by city air pollu 
tion control budget». Los Angeles Coun 
ty spends almost $4 million a year; New 
York City about $670,000. Expenditures 


by industry for control measures are 


taggering. A large steel company re 
ently reported spending $12 million to 
inti-smog just one plant 
inti-water pollution 

Ihe U. S. Public Health Service prom 
ises an all-out federal-state war on in 
lustrial water pollution. The battle in 
cludes expenditures for researching con- 
version of wastes to harmless or useful 
naterials, and court crackdowns on com 
panies that pollute interstate streams 
inti-smoking 

Several cases of damage suits have 
been brought against cigaret companies 
by the widows of smokers who have died 
of lung cancer. While none of these 
cases has been decided yet, they may de 
velop into court tests of the strong evi 
lence that smoking can cause cance! 

Ihe public isn't worried though. A 
record 457 billion cigarets were produced 
That's about 152 


than 1957, the 


in 1958 billion more 
previous high, or 180 


packs per adult per year 


ftomic competition 

Ihe government should stop pushing 
mall firms into the atomic energy busi 
nes according to big-firm official, Dr 
Chauncey Starr, of North American 
Aviation 

Starr isnt trying to cut out competi 
tion. It just that he feels the govern 
ment’s spread-the-work philosophy ts 
ncouraging economic catastrophe lor 
many small 

He points to a historical trend in which 

a few companies have survived in 

iny industrial endeavor calling for vast 
facilities and huge work forces. Only 
three firms now make steam turbines, he 
" and the atomic business calls for 


more resources than turbine making 


ftomic liability 
Ihe new atomic energy industry ts 


eriously hampered by the prevalent 


principle of absolute liability. Under a 
system where companies are held liable 
for all damages, even though accidents 
ur through no fault of their own 
they may find it impossible to insure 
themselves fully 
Blythe Sta 
son, of the University of Michigan Law 
School 


provides for absolute liability, it should 


On this question, Dean | 
uggests that where legislation 


ilso fix maximum rates of payment for 
damages. Laws to this effect now are 
under consideration in Britain and West 
Germany 

Population exploding 


The world population is galloping up 
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ward at the speed of 100,000 births 
per day 

if this continues to the end of the 
century, Latin America will have almost 
twice aS many people as the U. S. and 
Canada combined—or 593 million. Asia, 
though, is exploding at the rate of 4 
million a year, and will have almost 4 
billion people by that time 

What this means in human misery and 
crowding is hard to imagine. In Saudi 
Arabia, for instance, the population den 
sity is already more than 3,000 persons 
per square mile (as against 239 Amer 
icans per square mile) 

Consider for a moment the job of feed 
ing and educating these hordes today 
and the billions more in the comparative- 
ly near future. Then consider it again 
in a research sense 

This is what prompted formation of 
a new group in England called the Coun 
cil for the Investigation of Fertility Con- 
trol. The CIFC 


a pill that can be swallowed and pre 


Is Carrying out tests for 


vent pregnancy. Amid the usual church 
and other objections, the council ts test 
S.-developed pill on 
1,000 volunteer British wives 


ing a promising | 


Like most other specific developments, 
a workable birth control pill is only a 
small part of the complex. History shows 
that population decreases as industri 
alization increases. Thus, industrial devel 


opment generally, and its successful ex- 


portation, becomes the best birth con 
trol “pill.” 
Heredity control 

A revolutionary heredity theory 
that controlled irradiation and chemical 
treatment of reproductive organs can 
produce desired changes in plants and 
animals—has been proposed by Dr. O 
G. Fahmy, of the Institute of Cancer 
Research in London 

Fahmy geneticists (still in the minor 
ity) hold that mutations can be con 
trolled by a skilled person. If they're 
right, meat will be tenderer, fruit seed 
less, vegetables weather-resistant, and 
man 
Mother love 

Continuous mothering is not only un 
necessary but probably harmful, accord 
ing to many psychologists, including one 
who did some current research on the 
subject, Dr. Albert I. Rabin, head of 
Michigan State’s psychological clinic. 

Rabin’s studies of the Kibbutzim, o1 
collective setthkements, in Israel indicate 
that Kibbutz children developed positive 
attitudes toward their 
limited contact. 


parents despite 


Physical contact, however, is a much 
more important influence on an infant's 
love for its mother than is the food she 
gives—according to another experiment 
using monkeys. Dr. Harry F. Harlow, 
of the University of Wisconsin, built two 
mother substitutes for his monkeys. One 
used sponge rubber covered with terry- 
cloth; the other was made of wire screen 
Both were warmed by radiant heat 

Even when the wire mother gave the 
baby milk while the cuddly mother did 
not, the baby preferred the 
terrycloth mother 


monkey 


From this it could be deduced that the 
human father is physically endowed with 
all the 
compete with his wife in the rearing of 


really essential equipment to 
infants, custody court decisions notwith 
standing. 

Symptom strips 

4 medical slide rule recently devel 
oped has about 80 strips stored in its 
back. Each strip has a different syrmptom 
of illness. Some 340 disease categories 
are listed on one side of the rule's 
front. From one to six symptom strips 
then can be inserted under a window for 
matching and reading 

All this naturally prompts the ques 
tion of what the doctor’s for. Or are 
we now to have symptom strip spe 
clalists? 

Our cyclotron is bigger . . .« 

Publicity stories have appeared about 
the University of California doubling 
the energy of its 184-inch cyclotron so 
that protons of 730 million electron volts 
can be fired. The machine now becomes 
the world’s most powerful cyclotron, say 
the stories, exceeding by a few Mev a 
similar machine in Russia 

Our reaction to this comparison (not 


continued on page 29 





What's In a name? 


“Volume one, number one” of a magazine is mostly 

a state of mind, a very minor accomplishment 

compared to the many better issues locked into the future. 
Yet, number one is the most important issue 

of a magazine’s life because it announces Purpose and Goal. 
In I+R’s case, Purpose is tightly mixed into Name. 
Conceived as “Scientific Research,” the purpose 

of the magazine became better defined in time for birth. 
Thus to answer your question: 

What happened to that magazine 

| read about to be called “Scientific Research?” 

Well, here it is. 

Called “Industrial Research,” its single purpose is to help 
management men keep informed of their newest responsibility: 
the profitable application of industrial research. 

Its goal: to help place research on a par 

with other management functions 


such as sales, finance, production, and engineering, 
and—by doing this—to help reduce the time lag 
between invention and production. 

In forthcoming issues of Industrial Research, 

you will read about significant new developments, 
controversies, ideas—and how they relate 

to your business—in the fields listed to the right. 
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Finance 

Food Technology 
Fuels 

Glass 

Heat Transfer 
Hydraulics 
industrial Design 
industrial Engineering 
industrial Medicine 
instrumentation 
Jet Propulsion 
Light 

Magnetics 
Management 
Marine Design 
Mechanics 
Metallurgy 

Mining and Minerals 
Missiles 





PROGRESS 


‘ETCH PITS’ in a new .ceat 
silicon steel illustrate gSS 
cube-orientation as seen through “&) 
a microscope. This steel 2 
can be magnetized easily 
in four directions instead of two. 
This is the first major 
silicon-steel improvement — ee 
in many years, and 
is expected to bring smaller F 
electrical equipment in 1959. 


STREAKING ACROSS THE SKY, this missile is one 
of hundreds that will be fired during 1959—at a total 
cost in excess of $2,000,000,000. 


1959 Forecast: $12 BILLION 


xpenditures for research and development in 
the United States totalled almost $11 billion in 1958, and are estimated to amount to $12 billion in 1959. 

By contributing so significantly to gross national product, research has become an industry in 
itself. It’s a unique new industry because it both creates and increases demand for new products and 
also stabilizes the economy by introducing technology that must be financed by long-range plans. 

Half the money for research today is provided by the federal government, but most of the gov- 
ernment’s research money is spent by industry. 

The latest National Science Foundation survey showed that in 1956, American industry spent $3.3 
billion of its own funds and $3.1 billion of government funds for R & D. If the research dollar is 
divided in 1959 as it was in 1956, the $12 billion for R & D this year will be spent like this: 

® Industrial R & D financed by industry $4.5 billion 

* Industrial R & D financed by government 

* Government R & D in its own laboratories. 

= Universities and institutions. ........ 1.4 

The recent recession proved no deterrent to research spending by most companies. A survey by the 
American Management Association showed that industrial R & D budgets for 1958 averaged 4% higher 
than in 1957. 

Budgets were down 15% in the construction machinery and 6% in the auto industry. But they 
were higher in most other industries—8% higher in foods and 10% higher in chemicals, for example. 

The greatest effect of the recession probably was to restrict spending to the development end of 
the R & D scale, at the expense of longer-range research. As the AMA put it, emphasis was on devel- 
opment of items “close to the shipping-room door.” 


Here's how various types of industries probably will spend their 8.7 billion R & D dollars in 1959: 
= Aircraft and parts $2,840 million 
® Electrical equipment 
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Research accomplishments to expect in 1959: What not to expect in 1959: 
Earth satellites with TV cameras. 
if Rockets to the moca. ‘Space platform’ satellites. 
~ Flat, ‘picture-frame’ TV sets. © Plastics for ultra-high. 

New “mood drugs” to control personality. temperature service. 
™ New drugs with limited anticancer action. ™ Drugs that will cure cancer. 
™ Electroluminescent light panels. Practical atomic fusion. 


™ Manned rockets to the moon. 


by Dr. Charies E. Feazel, head, applied chemistry division, Southern Research institute 


FOR RESEARCH 


= Machinery 

"Chemicals and allied products 

= Professional and scientific instruments 
= Petroleum products and extraction... 
= Fabricated metal products and ordnance 
" Telecommunications and broadcasting 
"Primary metals 

® Rubber products 

" Food and kindred products 

= Stone, clay, and glass products 

= Paper and allied products 

= All other industries 


Among individual “big spenders” for research last year were General Electric, which spent more 
than $250 million for research in 1958; Westinghouse Electric, $150 million; Union Carbide, about $65 
million; Du Pont, more than $50 million; International Harvester, about $37 million; and International 
Business Machines, more than $24 million. 


Flight into air and space 


The lion’s share of the almost $3 billion worth of air research in 1959 will be government-sup- 
ported, with $2 billion alone earmarked for military R & D on missiles. This money will support work 
on intercontinental and intermediate range ballistic missiles, as well as a host of smaller defense and 
tactical missiles. 

Having successfully fired several Convair Atlas ICBM’s, the Air Force is moving into develop- 
ment of a second ICBM, the Martin Titan. The Navy's Lockheed IRBM Polaris will undergo further 
test firing during 1959. 
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This year will see the first manned“space flight” in North American Avia- 
tion’s X-15, a ballistic-glide research missile that will make hypersonic 
flights above 100 miles altitude. 


Part of the research conducted with the X-15 will be the responsibility 
of the new National Aeronautics and Space Administration, which took 
over the functions of the National Advisory Committee for Aeronautics. 
During this year, NASA plans to spend more than $150 million on R & D, 
in its own facilities and under industrial contract. The Vanguard satellite 
program became the responsibility of NASA. Future space projects will 
be divided between NASA and the defense agencies. 

This year also will see several more rocket probes at the moon, planned 
either to hit the moon or to orbit it. Launchings are planned by both 
Army and Air Force, under auspices of the Advanced Research Projects 
Agency. The rockets will carry cosmic-ray instrumentation and TV cameras 
for scanning the moon’s surface. 


TV satellites 


Some of the earth satellites to be placed in orbit during 1959 are to 
carry TV cameras. Rocket engines with the million-pound thrust needed 
to launch satellites weighing one ton or more are being developed. 


Nuclear-powered aircraft will receive relatively less attention. GE is 
continuing its program at Evendale and Idaho Falls, but government ex- 
penditures for the program in fiscal 1959 ($145 million) will be somewhat 
less than originally planned. Current emphasis appears to be on getting 
some type of atomic plane into the air, whether it r_presents optimum 
design or not. 


The stepped-up missile program has intensified the search for improved 
materials and components—fuels with high energy content, electronic 
equipment that will function at red heat, and metals for use at high 
temperatures. 


The re-entry problem—how to design a missile that won't burn up by 
friction when it re-enters the atmosphere after a trip through space—is 
regarded by many experts as nearly solved, through the use of specially 
designed nose cones and missile skins. 


Several approaches are being explored. One is to use refractory metals 
or ceramics that won't melt or weaken at the temperatures involved. 
Another is to make the nose cone of a plastic that will be ablated, or 
sloughed away, a calculated amount by air friction during the missile’s 
downward flight. 


Metals: hotter and purer 


A significant part of research in the metal industries will continue to go 
toward developing materials that can retain strength at the extremely 
high temperatures encountered in missiles, jet engines, and gas turbines. 
Efforts will be made to extend the performance range of nickel and cobalt 
alloys above the present limit of 1800°F, by adding small amounts of 
elements like columbium or tungsten. 

Climax Molybdenum and Westinghouse, among others, are active in 
research on high-melting alloys of the refractory metals tungsten, tantalum, 
columbium, and molybdenum. Alloys of these metals retain their strength 
at temperatures above 2000°F. But they are oxidized easily in air at 
high temperatures. 

More refractory ceramic coatings will be developed that protect the 
metal surface from oxidation. Coatings of oxidation-resistant nickel- 
columbium alloys also will be investigated. 


Metal-ceramic composites will receive more attention as high-tempera- 
ture materials. Some of these materials may be serviceable up to 5000°F. 
Current research is concentrated on designing new combinations, on under- 
standing the mechanism of bonding between metal and ceramic, and on 
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TARGET MISSILE, a Kingfisher, is re- 
covered for reuse after running out 
of fuel. The ventilated “drag” para- 
chute is used because the sudden 
shock of air resistance to the heavy 
missile would rip a standard chute. 


HOT ALUMINA is blown on coated 
molybdenum specimens to test re- 
sistence of different coatings to heat 
erosion. Although “moly” has high 
Strength at high temperatures, it 
oxidizes rapidly when heated over 
1000° F. It therefore requires a pro- 
tective coating for long high-heat. 





developing methods for fabricating the 
brittle materials. 

The production of ultra-pure metals 
will be the subject of increased 
research as the year wears on. Met- 
allurgists have found that the prop- 
erties of metals are changed drastic- 
ally when the last traces of impurities 
—even gases like hydrogen—are re- 
moved. 

One reason for emphasis on pure 
metals will be an increased demand 
for very pure materials like silicon, 
germanium, and selenium for use in 
transistors and other semiconductors. 
Chemical companies like Du Pont, 
W. R. Grace, Monsanto, and Foote 
Mineral will continue research on im- 
proved refining of these materials. 

The effect of purity shows up on 
other applications, too. Some steels 
have greatly improved strength when 
they are refined by melting in a vacu- 
um. Allegheny Ludlum was a pioneer 
in this method of manufacturing spe- 
cial-purpose steels; other steel com- 
panies now are developing similar 


processes 
Melting in a vacuum 


A vacuum or an inert atmosphere 
(that is, with the air replaced by a 
gas like helium) also is required for 
refining some of the refractory metals 
being used in high-temperature alloys 
Universal-Cyclops, with Navy support, 
is building a $3 million molybdenum 
fabricating plant in which the atmos- 
phere of the entire plant will be pure 
argon. 

Electron beam melting is the new- 
est refining method to appear on the 
scene. Temescal Metallurgical Corp. 
is developing this process, in which 
ingots of the refractory high-melting 
metals are produced by bombarding 
the impure metal powder with elec- 
trons in a vacuum chamber. 

Zirconium, columbium, and vana- 
dium will find increased application 
in the atomic power industry, for al- 
loying with uranium in reactor cores 
The production capacity for zirconium 
sponge is expected to be some 3,000 
tons in 1959—more than three times 
the 1956 figure 

Improved magnetic alloys will be 
under earnest development this year 
Both General Electric and Westing- 
have announced research on 
cube-oriented iron alloys, which have 
superior Magnetic properties owing to 
a more regular crystal structure. Still 
unknown are the factors influencing 


house 


the pattern of crystal growth in prep- 
aration of the alloys 

In the field of ore reduction, several 
research teams are exploring methods 


of reducing iron ore directly with 
reducing agents like hydrogen and 
carbon monoxide. One of these proc- 
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DANGERS 


f launching a 


NEW PRODUCT 
Snell Research can help overcome them 


Here’s how, in some typical 
case histories of Snell clients: 


Product Research and Development 
—A few years ago Snell was retained to 
develop new products, applications, and 
markets for sugar. Extensive research 
and development work by Snell resulted 
in the creation of a new synthetic deter- 


gent—based on sugar! 


Product Application—A Snell client in 
the paper industry, for whom we had 
developed a fine additive, wanted to 
explore uses in other fields. Unfortunately, 
their highly qualified staff's experience 
was limited to the one field. Snell, with 
experts in practically every product field, 
found the new product has potentialitie 
as both a good emulsifier and a paint 
plasticizer. Only the very largest manu- 
facturing companies can duplicate the 
breadth of experience and background 
the Snell “brain-trust’’ of technical ex- 
perts can offer you! 


Product Improvement — One Sne!! 
client found their product, an adhesive 
bandage, slipping in quality. Tape was 
going gooey in storage on druggists’ 
shelves. Snell research helped this client 
bring his product quality up to equal the 
best on the market, and retain his share 
of sales 


Product Evaluation—A Snell brewery 
client wanted to expand production and 
take advantage of a more efficient pro- 
duction technique but feared the taste of 
the beer might suffer. Snell food tech- 
nologists, taste panels, and engineer 
checked the new process and hundreds of 
samples of beer made under new and old 
systems, recommended the switch to the 
more profitable modern process. The 
change went unnoticed by the customers, 
and sales continued to climb. 


Market Research—A Snell client with 
a waste product had briefly considered 
building a plant to use it to manufacture 
another product; but had given up after 
their own brief survey showed the new 
product to be already overproduced. When 
they consulted Snell for checking, how- 
ever, Snell predicted there would be a 
shortage within three years. The client 
waited two years, built the plant—and 
now has a profitable new product instead 
of a waste! 


Toxicology—One of the largest frozen 
food companies began getting complaints 
on the flavor of one of their green vege- 
tables. Since hundreds of thousands of 
dollars were at stake, they consulted 
Snell to find out what was wrong. Snell by 
analyzing tests, and checking on the 
farm, was able to prove that the taste— 
actually toxic—was due to a new type of 
insecticide sprayed on the fields hundreds 
of yards away on a windy day long before 
the harvest! 


Engineering—A large midwestern firm 
desired to produce its own brand of 
instant coffee, to possess outstanding 
flavor, body, and bouquet. They engaged 
Snell to handle all details, from design to 
engineering, to supervision of actual proc- 
ess startup. The fine qualities ‘‘built into” 
this resultant product made it such a 
uccess that Snell was commissioned to 
enlarge the plant, which has recently gone 
into production 


What's Your Product Problem?— 
Whatever it is, and whatever your prod- 
uct field—chemicals, chemical specialties, 
personal products, pulp and paper, pro- 
tective coatings, plastics, textiles, foods, 
petroleum, rubber—Snell has men who 
“know the score’’ in that field, and who 
can work with you creatively and profit- 
ably in developing, producing, protecting, 
and marketing new ideas. This broad 
experience can be decisive in protecting 
not only your ideas, but also the thou- 
sands of dollars you spend developing 
them. And the cost of Snell service is less 
than you might imagine! Half the jobs 
we do cost less than $1000! 


SEND FOR 
FREE BOOKLET 


Our brochure, ‘‘How 
Develop Suce 
Products 
Snell story 

today 
course Foster 
Dept IR} 
St N.Y 


New York, N. Y. 
Baltimore, Md. 
Bainbridge, N. Y. 
Worcester, Mass. 


INDUSTRIAL RESEARCH ANUARY 





9569 18 


16 


R-N 
Republic 


sses, the process, developed 
Steel and Na 
is now in the pilot-plant 
a versatile technique that 


can be used economically for treating 


jointly by 
tional Lead 


Stage. It ts 


{imerican 
Old?” else 


low-grade ore. (See {re 
Steel Methods 


where in this issue.) 


Growing 


Computers and components 
Next to the 


heaviest 


aircraft industry, the 
spending 
this year will be in the electrical equip- 
Again 


government-supported —be- 


area of research 


ment industry much of this re 
search is 
cause of its relation to national de- 
fense, especially the missile program 
But the large civilian market for elec 
tronic appliances will support a signifi 
cant amount of development work 
Research in solid-state physics, hav 
ing produced the transistor, now is 
leading to the development of other 
such as 


new electronic components 


ferrites (ceramic-like materials with 


magnetic properties) ferroelectrics 


and electroluminescent materials 

GE and Westinghouse have revealed 
studies are underway on direct meth- 
ods of converting heat into electricity. 
GE’s research will be concerned with 
applications for its thermionic con 
verter, in which a metal-ceramic com- 
bination produces electricity when 
heated in a vacuum. 

Westinghouse will develop ceram- 
ics from compounds of transition 
metals that will generate electricity 
when heated. Westinghouse already 
has demonstrated how thermoelectric 
principles makes possible the design 
of small refrigerators containing no 
moving parts. 

While Sperry 
International 
SSEC 


have 


Rand's 


Business 


Univacs and 
Machines 
computers 

capturing scientific head 

National Cash Register Co. has 

been developing machines for special- 

National 

Cash Register probably will spend half 

of its $15 million 1959 research 

budget on computers aimed specifically 
it the accounting-machine market in 
small and medium-size businesses 
Another topic 
NCR’s list is its microcapsules, which 


general-purpose 
been 


lines 


ized uses such as banking 


research high on 


already are being used in making 


carbonless” carbon paper and which 
iccording to NCR 


scientists, have a 


host of other possible applications 
ranging from drugs to chemical mem- 
ory devices for computers 

IBM is constructing a research cen- 
ter for a staff of 1,500 in Yorktown, 
N. Y., where research on ferromag- 
netic and related substances will be a 
effort. Other projects 
will be the design of machines to 
translate foreign languages and to 
abstract technical literature. Machines 


major sizable 


—— 


NCR’S CARBONLESS paper’ 
has no interleaves of carbon, thus 
simplifying collating printed forms. 


“carbon 


“Per- 
issue) 
facilitat- 
ing the interchange of scientific in- 
formation 


like these (see an account of the 


ceptron” on page 38 of this 


magnify research results by 


Evolution in light 


Electronics scientists also expect to 

make progress in electroluminescence, 
or “EL”—a third step in the evolution 
of light sources (beyond incandescent 
or fluorescent light) 
EL’s _ phosphor-plastic 
“sandwiches” allow extremely uniform 
and flexible lighting and direct image 
intensification, the new light source 
promises walls of light, drapes of 
light, picture-frame TV, and 
x-raying 

Westinghouse already is marketing 
an EL nightlight—a two-inch square 
panel that will burn a year for less 
than a penny’s electricity—-and expects 
significant breakthroughs during 1959 
to develop brighter phosphors. The EL 
research goal of Westinghouse, Syl- 


Because 


safer 





THE AUTHOR 


1s head of the applied chemistry division of Southern Research 


local 
Chemists chapter, Dr. Charles E. 


Institute and chairman of bis 


forecast the directions of research for the 


American 


Institute of 


Feazel is well-qualified to 
year at hand. Feazel 


supervises SRI's research in industrial organic chemistry, plas- 


tics, textiles, and chemical engineering. 
Maryland (in 
phy sacs 


the University of 


been a chemical and 


re search 
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organic 


scientist 


A doctoral graduate of 
chemistry), he has 


1941, 


since 


vania, GE, RCA, and others will be 
to increase the ratio of brightness to 
power consumption—still very low in 
comparison to conventional light 
sources. 


High-energy fuels 


As missiles get bigger and bigger, 
more fuel is required to launch them. 
Hence the search for high-energy 
fuels—fuels that pack more punch. 
Theoretical calculations show that the 
performance of today’s missile fue!s 
(alcohol, hydrazine, etc.) can te 
greatly exceeded by chemicals like 
hydrogen, boron compounds, or lith- 
ium. Currently used liquid oxygen 
also can be replaced by more potent 
oxidizers—fluorine or ozone, for ex- 
ample. 

Chemical companies like Foote 
Mineral (lithium), Hooker Electro- 
chemical (perchlorates), Olin Math- 
ieson Chemical (hydrazine), and Cal- 
lery Chemical (boron) will continue 
researching high-energy fuels. Stauf- 
fer Chemical and Aerojet-General 
have joined forces for research on 
boron compounds. And Thiokol is 
stepping up research on pro- 
pellants. 

Research in 1959 will involve more 
exotic fuels. For instance, free radi- 
cals—fragments that result when a 
molecule is broken up—represent an 
extremely potent energy that 
some day may be available for rocket 
propulsion. Extensive basic 
is underway at the National Bureau of 
Standards on free radicals—how to 
produce them and how to keep them 
once they're made 

Fuel cells, in which the energy of 
a chemical reaction (for example, 
hydrogen plus oxygen to give water) 
is transformed directly into electric- 
ity, are being studied by several re- 
search teams. The research is sup- 
ported by gas companies, as well as 
by Union Carbide. 


solid 


source 


research 


Fusion and ‘nuclear’ food 


Fusion research probably will be 
the most important of 1959 atomic 
efforts; it ultimately may be the most 
significant in the history of mankind. 
Controlled thermonuclear reactions, 
using inexhaustible supplies of deu- 
terium in the oceans as fuel, would 
represent a fantastically cheap source 
of power. 

Research projects underway at Oak 
Ridge, the University of California, 
and New York University are con- 
cerned with controlling fusion proc- 
esses by applying magnetic fields to 
contain the reacting gases and to tap 
the energy released. 

These programs are mostly financed 
by the Atomic Energy Commission, 
which is expected to spend a total of 





progress report on Aeronutronic 


MEN AND IDEAS IN MOTION: AERONUTRONIC 


This is Aeronutronic — men, ideas, and the tools 
for research. Aeronutronic —a dynamic new name 
in science —created by the Ford Motor Company 
to meet the demanding technological needs of a 
nation on the move. 

Aeronutronic is moving into the future and mov- 
ing fast. Space sciences, missile technology and 
space vehicles...computers, electronics... tacti- 


cal weapon systems... these are major research, 


For information regarding positions, interests, 
facilities o write to Mr. K. A. Dunn, 
Aeronutronic Systems, Inc., Bldg. 2, 1234 Air Way, 


Glendale, California, or call CHapman 5-6¢ 


r products, 


NPORT BEACH. GLENDALE, SANTA ANA AND MAYWOOL 


development and manufacturing activities con 
ducted at ASI’s modern 200-acre Research Center 
under construction at Newport Beach, California. 


Exceptional engineers and scientists are needed 
now. If you are forward-looking and want to be an 
important part of a forward-moving organization, 
you'll find a new challenge and rewarding future 


at Aeronutronic — where men set ideas in motion. 


AERONUTRONIC 


a subsidiary of FORD MOTOR COMPANY 


CALIFORNIA 


OFFICE OF ADVANCED RESEARCH + SPACE TECHNOLOGY DIVISION « COMPUTER DIVISION + TACTICAL WEAPON SYSTEMS DIVISION 
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$2.6 billion for R & D during 1959 
This is $200 million more than last 
year, and will include $351 million 


77> 


for reactor development and $ 


million for physical research.) 

The possibilities of peacetime uses 
of atomic bomb blasts will be ex- 
plored further this year. The AEC 
through its “plowshare” program, has 
definite plans for excavating a harbor 
in Northwest Alaska during 1960. 
Prototype devices will be designed 
and developed during 1959, together 
with detailed studies of costs and ra- 
diation hazards. 


Research on the structure of mat- 
ter, related to atomic energy investi 
gations, also will progress this year 
uided by new particle accelerators. A 

billion electron-volt proton syn 
chrotron, the largest and most power! 

il in the United States, ts being built 
it Brookhaven National Laboratory 
4 two mile-long 45 billion-volt linear 

} Stantord 


icceleratlor is planned il 


University 


Development and design of power 
Enrico Fermi 
plant in Michigan, and the Yankee 
Atomic Electric installation in Massa 


reactors, such as the 


chusetts, will be supported by electric 
ulility groups 

Industrial Reactor Laboratories 
sponsored by AMF Atomics, Ameri 
can Tobacco Atlas Powder, Conti 
Corning Glass Works 
International Nickel, Chas. Pfizer, 
Socony Mobil Oil, and U. S. Rubber 

will operate its $4.5 million facility 
in Plainsboro, N. J. The facility in 
5 million-watt swimming pool 


nental Can 


cludes a 
reactor and laboratories for each 


participating company 


Other companies will install thei 


wn reactors or irradiation sources 


Lockheed Aircraft 


contract, recently began operation of 


under Air Force 


i test facility at Dawsonville, Georgia 
North 
American Aviation plans a $1.25 mil 


to study radiation etlects 
lion building program to expand the 
facilities of its Atomics International 
Division 


The use of nuclear radiation to pro- 
duce chemical reactions will be ex- 
plored this year. It offers promise as 
a means of triggering chain reactions 
that involve free radicals—for exam- 
ple, in the polymerization reactions 
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IRRADIATED 
potatoes stay 
fresh even 
ajter Six 
months, while 
others (left) 


sprout eyes. 


used in manufacturing plastics. But 
for most other types of reactions, nu- 
clear radiation now appears to be an 
inefficient method of promoting the 
reaction. 

The [| S. Army Quartermaster 
Corps Food and Container Institute 
will push sterilization of 
foods. Its nearly 100 contractors in- 


nuclear 


clude universities, research institutes, 
and leaders in the food and containet 
industries. A 2 million curie cobalt- 
60 food irradiator is planned for in- 
Stallation by the AEC and the De- 
fense Department at the QM’s loniz- 
ing Radiation Center in California. 

But despite the Army’s interest in 
irradiation sterilization, the food in- 
dustry appears pessimistic about com- 
mercializing the method. Big stum- 
bling block is flavor damage suffered 
by food when it’s irradiated 


Revolution in plastics 

The opening of 1959 finds the plas- 
tics industry in the midst of a revolu- 
tion sparked by two recent discover- 
ies. Both of these research advances 
enable “tailor- 
make” polymers, the high-molecular- 
weight resins from which plastics are 
manutactured 

One discovery was that 
Ziegler 
ethylene polymerization are stereospe- 
cific; that is, the resulting polyethylene 
molecular chains have a regular and 
not a random orientation. This find- 
ing has enabled the manufacture of 
new types of polyethylene (the so- 
called “high-density” polyethylene) 
and similar plastics 

Ihe other discovery was that mixed 
polymers with new and unexpected 
properties can be made by grafting 
polymer chains of one type onto a 
backbone of another type of polymer. 
This technique will be researched in- 
tensively by plastic film manufactur- 
ers because grafting offers a means 
of changing the surface characteris- 
tics of the film. Thus it solves prob- 
lems such as poor printability and 
high gas permeability of plastics like 
polyethylene 

One big use of improved plastics 
films will be in the packaging industry 

Most of the research on polyethyl- 
ene and other plastics will be carried 
out by the chemical industry as part of 
its estimated $670 million 1959 R & 


plastics chemists to 


certain 


catalysts—the catalysts—for 


D program. Du Pont is reported to 
have spent $6 million in research on 
polyethylene alone. Other chemical 
companies, including Union Carbide, 
W. R. Grace, Celanese, and Phillips 
Petroleum, also are investing heavily 
in research on this plastic. This year 
will see expanded programs of product 
development based on Ziegler-type 
polyethylenes. 


Synthetic fibers 


The chemical industry spends a 
sizable part of its research money on 
synthetic fibers. Du Pont, for one, 
invests heavily in this field, since syn- 
thetic textiles account for 30% % of its 
sales. Celanese also devotes a large 
part of its $5 million research budget 
to textiles. 

In the past 20 years, the aim of the 
synthetic fiber industry has broadened 
from replacing the monofilament silk 
fiber to capturing the markets for 
staple wool and cotton fibers as well. 

The 2 billion pound per year pro- 
duction of synthetic fibers (nylon, 
Orlon, Dacron, etc.) is growing rap- 
idly, and new fibers are added to the 
list almost daily. Recent additions, 
now in the marketing stage, include 
American Cyanamid’s Creslan, East- 
man’s Verel and Kodel, Dow’s Zefran 
and Goodrich’s Darvan 

Some of the most interesting new- 
comers are fibers (example, Reeves 
Brothers’ Reevon) made from poly- 
olefins such as polyethylene and 
polypropylene. Research on_ these 
fibers has benefited from the polymer 
chemists’ work with Ziegler catalysts. 
During 1959, uses will be explored for 
screening, upholstery, and tarpaulins 

Another subject of new interest to 
the synthetic fiber industry is the use 
of synthetics (nylon, Acrilan, and 
viscose rayon) in making specialty 
papers. Improved chemical and elec- 
trical properties, and freedom from 
attack by microorganisms, are the 
advantages claimed. 

Graft polymerization will receive 
more attention from textile research- 
ers as well as from plastics chemists. 
This technique has applications in the 
modification of cotton, as well as syn- 
thetic textiles. 


Textile consultant Martin Gurley 
points out that the battle between 
nylon and rayon for the tire cord 
market has prompted rayon manu- 
facturers to re-examine neglected re- 
search results on improving fibers to 
give higher strength and longer wear. 


‘Organic’ metal 


Chemical researchers during 1959 
will pay a lot of attention to chem- 
icals that have received little notice 
in the past: the organometallics 


continued on page 88 
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| Ageancume Bele) Gi rae) AMERICAN STEEL METHOOS 


oe : 4 r doesn't take | an economist to note 
t the recent American recession was largely'a steel-recession. Had the 


dinosaur of industry become so large, so set in its ways, that it.-lost its 
ability to adapt and survive? 

On the. other side of the world, a 
younger, 40°%% smaller, dinosaur rears its head and- announces expansion 
plans, radical new steelmaking methods, and a frantic research program tied 
6hly to production poals +mstead of ‘costs. - This Soviet dinosaur ought to be 


J. B. Austin (shown above in U. S. Steel's 


watched; it has tripled its size i the last 10 years. 


“research laboratory), has recently returned from Russia. in the following ar 


ticle, he takes a searc hing look, and brings you up-to-date on the industry that's 


“one of our basic economic barometers 
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INGOT MOLDS sear, smolder as steel is teemed into them 
at Indiana steel mill much as it has been for half a cen- 
tury in this country. Ingots, historically the first and still 
the basic shape in steel making, later are rolled and 
pounded into blooms, billets, or slabs at Midwest mill 


AN I*R STATE-OF-THE-ART ARTICLE 


While Britain, Sweden, West Germany, 
France, and Russia develop and adopt the 
latest steel processes, we cling to our 


recently-outdated methods—so the press 


has argued. Here, an authority 


takes the opposite view on American steel. 


t was just a century ago last year that the invention 
of the converter process, simultaneously but independ- 
ently, by Sir Henry Bessemer in England and William 
Kelly in the United States, laid the foundation for the 
steel industry as we know it today. The event was, 
of course, widely observed 


But, as is often the case at centennial celebrations 
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An authority on the differences between American 

and European steel methods, U.S. Steel's 

Dr. James B. Austin was a member of the U.S. delegation 
that spent 30 days in Russia last May 

studying Soviet steel methods. What he has to say 

in this article will interest industrial executives 

in many fields concerned with U.S. competitive 
technology. 

Now administrative v-p of research and technology, 
Austin joined the U.S. Steel Research laboratory when it 
was established in Kearny, N.]., in 1928. 

Starting as a physical chemist, he became supervisor 

of chemistry in 1941 and assistant director 

of the laboratory in 1944. 

Two years later be rose to director of research, 
succeeding the late Dr. John Jobnston, under whom be 
had studied chemistry at Yale. Austin was promoted 

to vice-president in 1956, at the time the Kearny laboratory 
was moved to its present location in Monroeville, Pa. 
Austin was chairman of the refractories division 

of the American Ceramic Society and president 

of the American Society of Metals. 

Currently he is a director of the new American Institute 


of Mining, Metallurgical, and Petroleum Engineers. 


INGOT MOLDS sear, smolder «< steel is teemed into them 
at Indiana steel mill much as it has been for half a cen- 
tury in this country. Ingots, historically the first and still 
the basic shape in steel making, later are rolled and 
pounded into blooms, billets, or slabs at Midwest mill. 


AN I*R STATE-OF-THE-ART ARTICLE 


While Britain, Sweden, West Germany, 
France, and Russia develop and adopt the 
latest steel processes, we cling to our 


recently-outdated methods—so the press 


has argued. Here, an authority 


takes the opposite view on American steel. 


t was just a century ago last year that the invention 
of the converter process, simultaneously but independ- 
ently, by Sir Henry Bessemer in England and William 
Kelly in the United States, laid the foundation for the 
steel industry as we know it today. The event was, 
of course, widely observed. 

But, as is often the case at centennial celebrations, 
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the feast was haunted by a few 
skeletons which have developed such 
curvature of the spine that they have 
assumed the shape of a question mark 
Has the steel industry become old and 
there 


senile decay? Has it, like the dinosaurs, 


set in its ways’? Are signs of 
developed a body so disproportionately 
large compared to its brain that it has 
Lost its adaptability and so has started 
down the road to extinction? 
Unpleasant spectres these, but they 
cannot be ignored. Self-preservation 
face up to them to 
So it 
isa good time to take a close look at 
attained by 
examine the 
progress and prospects of the 


United States and 


demands that we 
see whether they have substance 
the stature and wisdom 
this centenarian and t 
relative 
industry in the 
Europe 

The matter of growth can be dis- 
posed of quickly. The steel industry 
has become prodigious in size in both 
areas and is still growing. In 1957, the 
per capita output of steel was 1,335 
pounds in the United States, 1049 in 
West Germany, 947 in Great Britain, 
and in the Soviet Union, the world’s 
his list 
striking but it certainly 
more impressive in the 


second largest producer, 562 
itself 


will become 


is in 


years ahead 


Size isn't progress 
But what of the 
crease in $size does not insure progress, 


future? Mere in- 
or even survival. What is required is 

First, sound technological health to 
engender efficiency in the face of rising 
costs and dwindling rich raw materials 

Second, a continuing fecundity in 
producing new or improved products 
to expand existing markets and to 
capture new ones 

On the second score, the prospects 
are reassuring. Long acquaintance with 
country and in 


Western Europe, and personal observa- 


the industry in this 


tion during a recent visit to the Soviet 
Union makes it evident to the author 
that at no time in history has steel been 
so vigorous in developing new proc- 
esses as it 1s today 

There are several reasons for this 
Among them are the adoption of prog- 
ressive management 


the reaction of operators to the chal- 


techniques and 


lenge of achieving better performance 
in the face of increasing difficulties and 
competition 


Fountain of research 


But perhaps the most important 
single factor is the introduction of a 
built-in Fountain of Youth in the 
form of research. In Western Europe 
establish a 
research organization for the industry 


as a whole. Thus, in Great Britain, the 


the pattern has been to 
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Research As- 
facilities and 
a varied program covering all phases 
of steel production and use. Its count- 
erpart in France, the Institut de Re- 
cherches de la Siderurgie, is engaged 
in comprehensive work for the benefit 
of the French steel industry. In Ger- 
many, the Max Planck Institut fir 
Eisenforschung is performing some- 
thing of the same function on a more 
limited scale 

In the Soviet Union, the pattern 
differs in that the large central research 
run directly by the 
government, largely under the super- 
vision of the Academy of Sciences. 
The cornerstone is the Central Scien- 
tific Research Institute of 


British Iron and Steel 


sociation has extensive 


Organizations are 


Ferrous 


oe -— = 


hae 


TORTURING TIN CANS 


which is possible under a more com- 
petitive system and which has been 
responsible for the more spectacular 
of recent innovations. 

In the United States, we have a 
third pattern which, in my opinion, is 
the most effective. Although the Amer- 
ican Iron and Steel Institute supports 
a substantial research program for the 
benefit of the industry as a whole, the 
major effort is carried out in the 
laboratories of individual com- 
panies. 

The largest of these is the Research 
Center of United States Steel at Mon- 
roeville, Pa., which incidentally, has 
one building devoted specifically to 
fundamental or “learning” research. 
In addition, the broad program of this 


steel 


-more steel than tin—goes on at U. S. Steel's 


Applied Research Laboratory in Monroeville, Pa. Dipping cans 
in boiling water simulates actual canning conditions 


which has a 
tech- 


Metallurgy in Moscow, 


very sizeable program on steel 
nology 

In addition, other laboratories, such 
Mechanobr Institutes 
for studying processes for beneficiating 
ores, are looking into specialized fields. 
There is also a plant at Tula, near 
Moscow, which is essentially for pilot 
production in the development, on a 
full-scale basis, of new or improved 
processes for making iron aand steel. 


as those of the 


This centralized form of organiza- 
tion has certain advantages. It makes 
it possible to concentrate maximum 
effort on any program which the gov- 
ernment deems desirable—whether for 
technical or propaganda purposes. It 
is, therefore, possible to make rapid 
progress in selected 
adopt quickly 
where in the world 


areas and to 


advances made else- 


Adventurous experiments 


On the other hand, such centralized 
direction is not conducive to the diver- 
sified and adventurous experimenting 


center is supplemented by work in 
special fields done in the laboratories 
of various divisions, such as Oliver 
Iron Mining in Duluth, National Tube 
in Pittsburgh, and American Steel and 
Wire in Cleveland. 

Among other steel producers that 
have well-established laboratories are 
Armco Steel, at Middletown, Ohio; 
Allegheny-Ludlum, at Brackenridge, 
Pa.; and Crucible and Jones & Laugh- 
lin, at Pittsburgh. Republic has just 
completed a laboratory in Cleveland; 
Bethlehem has announced plans for 
consolidating its research in a new 
center in Bethlehem, Pa., and National 
and Inland are expanding their re- 
search programs. 

Most of these firms augment their 
own work with research contracts at 
universities and research institutes. 
The total amounts to a very impressive 
and extensive program, as is evident 
from the publication of their research 
results. Moreover, there is a great 
diversity of viewpoint and emphasis 
which aids in speeding technical prog- 





ress over the whole range of interests 
of the industry. This competitive re- 
search also favors the prosecution of 
bold or unconventional ideas. 
Although systems 
differ, it can be said at once that no 
one of them has a monopoly on prog- 


these various 


ress. All have made contributions and 
all stand ready to profit from any new 
development wherever made 

It is 


results 


interesting to compare the 
which have been achieved 
under these different systems and to 
check on the progress which has been 
made and can be expected in the 
future. In doing this, however, certain 
differences in the steel industries of 
these areas must be noted, for they are 
by no means identical in all respects 


Russian ores are poorer 

For one thing, their raw materials 
are not the same. The ores of the 
Soviet Union, for instance, are gen- 
erally lower in iron and higher in 
silica than are those available to us 
Moreover, some are contaminated with 
zine Or arsenic 

Likewise, the steel industry of West- 
ern Europe operates on ores with 
relatively high phosphorus 


[hese are factors 


content 
which have an im 


FOCUSING ELECTRONS ov! a tiny spot 
of steel causes elements present 
to emit Characteristic X-rays, 


which can be analyzed quickly 


portant bearing on the nature and 
extent of beneficiation required and on 
the type of steelmaking process to be 
used 

Again, the markets in these areas 
differ. For example, the chief custome! 
of the Soviet steel industry is the 
Soviet government. And at the present 
time, there is in the Soviet Union only 
a relatively small demand for automo- 
bile sheets or tinplate for cans, which 
comprise very important U. S. markets 
Even in Western Europe the demand 
for these products does not match 
that in the United States, nor are 
quality requirements so rigorous 

It must be remembered that in the 


Soviet Union where industrial develop- 
ment is generally so far behind that of 
the West the demand for steel is so 
great that production is the most 
important goal. Cost, though not ne- 
glected, is certainly a much less sig- 
nificant item than it is for us. As a 
factor related to costs, labor rates, of 
course, are much higher in the United 
States than in other areas, and this has 
a bearing on the type of process which 
may be most advantageous. 


Keeping these differences in mind, 
it Is instructive to look in some detail 
at the present status of steelmaking in 
these various areas. Take mining first 
Here is an operation that varies tre- 
mendously with local conditions and 
circumstances as regards both coal 
Nevertheless, considering 
equivalent conditions, American min- 
ing practices are as advanced as any 


and ore 


in the world, and in most instances are 


more efficient in terms of production 
per employe 

Since other areas have not, in gen- 
eral, been favored with such rich raw 
materials, they have been forced to 
make more use of beneficiation and 
concentration. This is not to say that 
their methods are more advanced than 
ours, but rather that they have been 
practiced on a wider scale 
Russian sintering 

Che sintering (bonding by heating 
without thoroughly melting) and ag- 
glomeration (mechanical bonding with- 
out heat) of ore concentrates by 
necessity has been carried out in great- 
est volume in the Soviet Union. This 
is particularly true of self-fluxing sinter 
now so widely used in Russian blast 
furnaces. Such sinters also are being 
used in this country and will be used 
to a greater extent in the future 

The use of a high percentage of 


BESSEMER FURNACE, blowing impurities out of iron from blast furnace, is the 
most dramatic sight at any steel mill, and a proven method of conversion 
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sinter, much of it self-fluxing, as a 
means of rectifying some of their dis 
advantages in raw materials has con 
notably to blast 


Soviet 


tributed improved 


furnace the 


Union 


production in 
A tew 
have achieved impressive performance 
in this respect. But 


have 


of their furnaces indeed 


the best American 


furnaces also been setting new 


production records and can be ex 


pected to give even better output as 
use of sinte! Despite 


the increases 


their emphasis on sinter, the Russians, 
until 


to build the large 


very recently have been slow 


sintering machines 


which have efficient in the 
United States 

The 
to steel vary greatly. In 
the | S 


is made in the 


proven so 


processes used to convert iron 
Russia, as in 
of the steel 


open-hearth 


more than 90% 
whereas 


n Western Europe the Thomas con 


verter process is the most widely used 
The Soviet open-hearths have achieved 


impressive performance records which 


ire partly due to the use of basic” 


refractories 


These heat-resistant materials also 


have been used in the open-hearth 


furnaces of Western Europe and to a 


extent in this country. In this 


esse! 


case, use has been 


The 


materials 


the extent of their 


dictated largely by economics 


Russians have suitable raw 
hand for 


brick 
them 


close at manulacturing the 


basic whereas we must import 
they 
More 


the possiblity 


some ol so that for us 


become much more expensive 


Vel iS noted before 
of getting increased production from 
their use makes them attractive to the 


Russians in spite of cost 


THE CREEP OF STEEL—//s exten- 
sion when loaded at high fempera- 


slow 


tures—is measured with precision 


Oxygen for speed 

rhe 
the speed of steelmaking furnaces ts 
widely practiced throughout the world 
The potential improvement from the 


use Of Oxygen tor increasing 


use of oxygen was first demonstrated 
35 years ago in American open-hearth 
However, at that time, oxy- 
gen was available only in pressurized 
bottles and at a prohibitive cost 


furnaces 


Today there are many large oxygen 
plants capable of producing more than 
500 tons of oxygen per day, and at a 
less than one-tenth that of 35 
not at all 


cost of 


years ago. Thus it ts 


sur- 


STEEL RESEARCHING involves many sciences, especially chemistry. 
{ tar and pitch technician here experiments with various binder materials used to strengthen 


bie graphite electrodes of electri 


electrodes, often a foot in diameter, melt up to S50 tons of steel at once. 


5 
- ~ Tir 


prising to find that many American 
steel plants now use several thousand 
cubic feet per hour of oxygen in a 
single open-hearth furnace. 

Russian and European steelmakers, 
however, are just aS aggressive as we 
are in using oxygen to increase the 
speed of steelmaking furnaces 

Another development which its at- 
tracting considerable attention ts the 
use of oxygen in top-blown converte! 
vessels. This appears to be useful under 
some conditions in the production of 
carbon steels. It seems especially ad- 
vantageous under European conditions 
where Thomas converters, 
which half of the total 
steel production, can be adapted easily 
to the use of oxygen blown from the 
top 

It is being practiced to a lesser ex- 
tent both here and in 
open-hearth furnaces account for 
about 90°, of the total steel produc- 
tion. The Russians expect to expand 
its use but believe it won't account for 


air-blown 
account for 


Russia where 


Combined blast and 


than 10%, of their total 
production. Its use in this country may 


more steel 
be expected to increase as well 

In the shaping and fabrication ot 
steel, American methods of heating 
rolling, and certainly 


annealing are 


furnaces without contaminating the melt. The pitch-graphite 
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hearth furnace system continues 


VACUUM CASTING 

to prepare special 
alloys is carried on 
experimentally in this 
50-lb. capacity 
furnace. In U. S., 
SaVS author, steel 
researchers can study 
such processes until 
they become 
economically feasible 
The Russian’s 
stringent materials 
needs, however, make 
production—not cost 
—the only factor 
worthy of consider- 


ation in U.S.S.R. 


to be basic in U. S. steel industry. 


more advanced than those used any- 
where else in the world. This is, in 
part, a result of the fact that the 
American market for such products as 
sheet and tinplate is the largest, and 
that quality requirements are higher 

In the production of coated prod- 
ucts, American practices also are su- 
perior. American methods for making 
electrolytic tinplate are being used all 
over the world, and in the newer field 
of plastic coatings we are clearly ahead 

All of the methods discussed so 
far are chiefly refinements on what 
might be called standard methods of 
making iron and steel. But what of the 
more unconventional processes now 
under consideration? Here again, the 
American steel industry is progressive 
and aggressive though it certainly has 
no monopoly on such devices 


Bypzss the blast furnace? 


A good example is so-called direct 
reduction; that is, the production of 
iron without melting as in the blast 
furnace. There has been a great deal 
of misunderstanding about the useful- 
ness of such processes and about what 
they aim to accomplish. Primarily, 
their role is to supplement the blast 
furnace not to supplant it 

In an integrated steel operation, 
reduction substitute 


direct offers a 


for purchased scrap or a feed to an 
electric furnace rather than the main 
charge for an open-hearth. Direct re- 
duction, therefore, is more attractive 
in areas where scrap is scarce, as in 
Mexico and some parts of Western 
Europe, than it is in the United 
States, where scrap is more plentiful. 


Moreover, there are many different 
ways in which direct reduction can be 
carried out, each having certain po- 
tential advantages under special con- 
ditions. One method, for example, is 
to reduce the ore in a fluidized bed 
by means of a gas such as hydrogen 
The fluidized bed technique in 
which fine particles virtually are sus- 
pended in a stream of gas so that the 
mass takes on many of the properties 
of a fluid is an excellent way to 
carry on some kinds of chemical re- 
action. It has been brought to a high 
stage of development by the petroleum 
industry in this country. 


A direct reduction process for iron 
based on this procedure appears to 
be well suited technically for use with 
fine high-grade ores or concentrates. 
This suggests that it should be suitable 
for some of the raw materials which 
the American steel industry now is 
using or may have available in the 
near future 


In fact, at least three programs are 


under way in the United States to 
adapt such methods to the reduction 
of iron, but their economic attractive- 
ness remains uncertain. For one thing, 
the cost of the gaseous reducing agent 
is relatively high. 

A small commercial plant using 
this technique primarily to produce 
a specialty product, iron powder, is 
being put into operation by the Alan 
Wood Steel Co. and may yield more 
information on this matter. 

Western Europeans have not shown 
as much interest in this approach. 
The Russiaiis say they’re investigating 
it, but believe it will be useful only 
in special situations and is not likely 
to be a significant factor in their steel 
industry. 

Other methods of direct reduction 
use a rotating kiln or some similat 
type of furnace. Some of them seem 
especially well suited for the reduc- 
tion of lean ores with relatively low- 
grade coal or other source of solid 
carbon. This makes them particularly 
attractive under European conditions, 
but they are being investigated in this 
country as well. 

It should be noted that the product 
of any of these direct reduction proc- 
esses is not in a form which is di- 
rectly usable, except in small special 
applications. It is not completely re- 
duced to iron and contains an unde- 
sirable amount of the original gangue 
material. Thus, it must be given some 
further treatment which usually can 
be done most conveniently and eco- 
nomically in conventional steelmaking 
equipment 

It is for this reason that direct re- 
duction should be regarded as an 
adjunct to, rather than a replacement 
for, our present methods. Such prac- 
tices no doubt will prove suitable for 
special purposes and they will find 
their place in the steel industry in the 
years ahead, but as yet they have not 
been widely adopted in any country. 
Their development is as well advanced 
in the United States as anywhere else, 
however. 


Eliminating prime rolling mills 


The continuous casting of steel to 
avoid the present necessity of primary 
rolling mills is another matter of 
great current interest. Developments in 
this field have been made concurrently 
in both America and Europe. The 
process is best adapted to small ton 
nage production and is, therefore, 
more attractive in Europe than here 

Nevertheless, a number of experi 
mental units have been built here and 
a small commercial plant is in opera- 
tion in Canada. Their 
certainly indicates that it would be 


performance 


uneconomical to scrap existing facill- 
ties in order to replace them with 
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furnace. It’s bigger than it used to be 
but it still looks essentially the same. 
You can’t readily see the beneficiated 
and sintered burden or the other 
devices which have contributed so 
much to greater output. 

Likewise, the open-hearth seems at 
first glance to be bigger but otherwise 
unchanged. But you must take a closer 
look to see the various ways in which 
the use of oxygen has improved the 
efficiency of the process. 

And a close look at our rolling mills 
will reveal how much they have bene- 
fited with respect to output and quality 
of product by the use of automatic 
controls. All these things are making 

A im" their contribution to American pro- 

duction. 

Some concrete examples: 

New precision Hallgenerators ® During the last seven years, blast 
furnace production has increased 11% 

reliable magnetic test equipment with an increase of less than 5% in 

the number of furnaces. 

SIEMENS HALLGENERATORS — ten different types * In the past few years, production 


available from stock of open-hearth furnaces of the United 


; States has increased 22% with a slight 
GAUSSMETERS — portable and stationary technical in- . 


, A decrease in the number of furnaces 
truments, laboratory precision meters—no amplifier 
At the same time there has been an 


COERCIMETERS — for instant indication of H., between increase in the uniformity and quality 
200 and 50CO oersteds. of the product 


These advances are not due merely 
GRH Halltest Company to the construction of larger furnaces 
CEE AR 4 much more important factor is an 

169 G. Blesean Bied.. Valpazeies. ladiens G, increase in our understanding of these 
y processes with consequent greater 


efficiency of operation. Yet this is only 
a beginning. Sull greater improve- 











equipment for continuous casting. The records and costs indicates a great 
Russians have a pilot machine of this difference. One reason for this is that ments in steel technology are in pros- 
kind, of essentially European design there is now, and has been for some pect which will include even better 
at Tula. They state they're building time, a premium on getting more pro- and more efficient methods. 

larger units, but they don't expect to duction and better product from exist- American steel ; methods are not 
use this process for any significant ing equipment growing old. They're becoming more 
part of their total production The story of how depreciation youthful every day bad 

Another recent innovation, the allowances have become increasingly 

insufficient in the face of continuing EDITOR’S NOTE: So that we may serve you 
inflation has been well publicized, but better in future issues, we'd appreciate a 


postcard or letter rankin vour interest it 


vacuum pouring of steel ingots, is well 
idvanced in both Germany and the 


United States, and commercial units its effect on steelmaking methods is 


this and the other articles you read. Results 
are in operation in both countries. Its not so well appreciated. Take the blast will appear in a “Letter to I*R” colun 
use certainly will grow. Just how much 
the Russians are using it Is uncertain, 
but they are studying it 
Although not strictly a matter of 
production, there is One important area 
in which the American steel industry 
excels, and that is safety. Our record 
is impressive, especially when com- 
pared with those of other countries 
On a recent visit to the Soviet Union, 
for example, I saw not one safety hat 


or pair of safety shoes 


They only ‘look’ the same 


It often is difficult for non-steelmen 
to appreciate how greatly methods of 
making iron and steel have improved 
because a steel mill today has much ws 
the same appearance as it did many IDEAS FLOW best in informal atmosphere. American steel, lacking national, 


years ago. Yet a look at production centralized direction, says author, leads to “adventurous experimenting.” 
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continued trom 


comment fic 


the remodelling job) is so what? It 
sounds a little like the ridiculous and 
trantic assurances that our science is 
better than Russia's. 

If we have to counter the Russians’ 
obvious success in nuclear and thermo- 
nuclear science, jet aircraft, and space 
technology, let’s do it, for instance, by 
filling in more of the gaps in our 
knowledge of the atomic nucleus, not 
by bragging about the tool designed 
for that job 
Varket potential 

Foster D. Snell Inc. tells us that each 
pound of the annual 1% million tons 
of new rubber consumed in the U. § 
is accompanied by roughly two pounds 
of other materials—such as activators, 
inhibitors, stabilizers, etc 

The opportunity here is to discover 
the vast rubber-associated market for 
your products, byproducts, or future 
products 
Foreign plastics 

Some 60,000 pages of Soviet scientific 
and technical journals now are available 
in English translations. Some of them 
tell of research and production of plas 
tics, which now is running to about 30‘ 
of U. S. totals 

Khrushchev has announced an all-out 
effort for increasing plastic production 
to 120% of U. S. totals. If this happens 
Soviet plastics would satisfy Russian 
needs and upset world markets with 
the excess 

Meanwhile, further expansion of plas 
tics and synthetic rubber industries in 
Japan is foreseen as a result of close 
technical cooperation between American 
and Japanese manufacturers. A new 


styrene monomer plant now under con 


R and D 














struction by Asahi-Dow, is expected to 
go into production early in 1960. 
Wonder metals 

We've been wondering about one of 
the “old” wonder metals, titanium. Once 
publicized as a cure-all, titanium sales 
rose a little and then fell into a com 
plete slump because of military cutbacks 

Stoetzel & Associates, a marketing 
firm, expects the titanium industry to 
get in full swing about five years from 
now 

Aside from applications in the now- 
arrived commercial jet age, titanium’s 
remarkably high strength-to-weight ratio 
will find many applications in high- 
speed rotating and reciprocating ma 
chinery 

In addition to all the old wonder 
metals, our bid for a new one is old- 
fashioned aluminum. The nation’s alu- 
minum die casting foundries have a tre 
mendous market potential in the auto 
motive, tool, office equipment, and ap 
pliance fields 
Thulium, 99% pure 

The availability of thulium and sama 
rium metals of 99% purity in lump or 
ingot form has been announced by Re 
Burbank, Calif., 
a division of Nuclear Corp. of America 


search Chemicals Inc., 


These rare earths have not been com- 
mercially available previously. Thulium 
iS Superior as a radiographic source to 
the formerly used thulium oxide. Sama 
rium is Of interest in reactor programs 
because of its high cross-section (5,500 


barns ) 


Ocean of expansion 

Instead of worrying about dwindling 
fossil fuel reserves and radioactive nu 
clear plants, power engineers will be 
able to supply this country with free 























She remembers attaching the Swambat papers together with a paper clip.” 





Copies EVERYTHING! 


Consistently clear, jet black on snow 
white prints . . . Picks up pen signatures, 
all cules inks, crayons, spirit-ink, rub- 
ber stamps, finest pencil or mechanical 
drawing detail. All are reproduced with 
photo-exactness and uniform clarity. 


[, XN i 


Copies ANYWHERE! 


Compact carrying case, use in the field 
or office. No special skill required, no 
dark room—can be used under any nor- 
mal surrounding lighting conditions. 
Does the finest reproduction in fast 
time . . . only 5 to 10 seconds for aver- 
age exposure. 


Copies ANYTHING! 


Contoura easily copies all material from 
bound books (even both sides of a 
page), manuscripts, letters, newspapers 


; Acme visible files has unique 
cushion which follows varied contour 
of pages or flat surfaces. Will print 
sections of large pages or drawings 
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Contoura- PORTABLE 


Eliminates errors of longhand copying, 
typing, proof reading. Contoura saves 
money and time in all fields profes- 
sional, business, and industrial. Perma- 
nent clear copies Write for full 
data folder— 


F. G. LUDWIG, INC. 
2200 COULTER STREET 
OLD SAYBROOK, CONNECTICUT 


INDUSTRIAL RESEARCH ANUARY 949 29 





comment... 


hydrogen fusion power from sea water 
Americans will be able to have an al 
most completely automated life at low 
cost 

All this before the end of the century 
according to the Public Service Electric CALAATC 
& Gas Co. in New Jersey 


There are, of course, other dramatic 





possibilities latent in the oceans, should 


the above prediction prove overopti- HUMOR by Robert W. Keehn 


mistic 
® Seaweed, with its exceptionally high 
vitamin content, should begin to provide | a good Case 
food for both man and animals—and for proponents of cooperative research 
soon. Recent experiments indicate that are history's several basement inven- 
livestock thrives on seaweed meal. Milk tors whose inspiration sprang trom 
production increased in cows and the misdirected genius or downright moon 
vitamin A content of their milk was madness. 
greater. Hens laid better eggs; pigs fat A humane gentleman of the early 
tened quicker; turkey mortality was re 1900s devised an unusual mousetrap 
duced; etc for which the world beat no discern- 
® Loose-lying metal-bearing rocks are ible path to his door. The trap actually 
worth an estimated $1'2 million per was designed to fasten a small bell 
square mile in some areas. These de around the nosy victim’s neck instead 
posits and ways to recover them eco of killing him. 
nomically are being investigated by In theory, the mouse would scamper 
mineral engineers at the U. of California back to the nest, and the bell would 
® Scientists at Plymouth, England, panic all his companions into fleeing 
have found appreciable quantities of the from the house—still alive, but doubt- 
Strategic niobium and vanadium in the lessly scared right out of their ap- 
flesh and blood of ascidians, a sea animal petites 
such as the skate To allay any doubts as to the trap’s 
Shades of sputnik effectiveness, the inventor added this 
Recession sales were double those for reassuring note: “. thus practically 
all of 1957 for Products Design Co exterminating them in a sure and eco 
Redwood City, Calif. This small firm nomical manner.’ 


makes practical classroom teaching aids 


The cannon-plow 


to demonstrate basic scientific fields 


Example a hydroelectric dam _ kit If you lived in rural areas in 1862 
complete with six-gallon reservoir and a where renegades, Indians, and such 
six-volt turbine generator made your life miserable, a must was 
Upgrading engineers: the combination plow and cannon 

a special report With it, you could disperse the rascals 

At Stanford U. this year some 400 with ridiculous ease, and never miss 
engineers and scientists employed in a furrow. 
nearby industry are attending regular The designer's classical remark 


daytime graduate classes to work toward 
advanced degrees. They take about 40% iad and D 
of a normal course, sit in classes on their 


companies’ time, and study when their 











fellow employes are relaxing after hours 

They are members of a unique indus 
try-university plan, the Stanford Honors 
Cooperative Program in Engineering 
and Science 


indu 
scien 
L uneges 
Photography today . ng 


Ts isa medium “a 
i» Group _is a team ¢ 








During the past decade a blue chip 
R & D community has formed on the 





San Francisco peninsula around Stan- 
ford. Because it ordinarily costs Stan 
ford twice as much to teach a student 
as it collects from him in tuition, these 
companies kick in a sum equal to the 
tuition paid by the students 
So far, 27 organizations are partici 
pating on a five-year basis 
Ampex, Dalmo Victor, Detroit Con- 
trols, Dymec, Eitel-McCullough, Federal 
Pacific Electric, Food Machinery & 
continued on page 83 
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“Its utility as an implement of twofold 
capacity is unquestionable.” Any 
questions? 

Modern railroads, bedeviled with 
rush-hour problems, might ease the 
strain by borrowing from another old 
research development. The design 
called for the first and last cars of a 
train to be built with roofs that sloped 
right down to the track level. All of 
the cars would be equipped with rail- 
road tracks on top of them 

Then, when the highball express 
overhauled a local, there was no need 
for such tiresome things as sidetrack- 
ing or slowing down. The express sim 
ply leapfrogged over the top, via the 
rails and continued on its way—prob 
ably with such a heart-stopping roar 
that occupants of the overpassed local 
seldom would use the second half of 
their round-trip tickets 


Rockerless rocker 


For those who looked to the rock- 
ing chair for genteel recreation, a 
circa 1869 invention boasted of being 
a rockerless rocker. A_ bellows-like 
contraption replaced the rockers. This 
prevented you not only from “rocking 
on children,” but offered a second dis- 
tinct advantage: 

A flexible pipe suspended over the 
rocker’s head directed the exhaust 
from the bellows in a cooling breeze 
upon his brow. This alone made it 
well worth the cost 

Slumberers of the 1880s who had 
trouble awakening could rely on an- 
other odd contrivance to rouse them 
Resembling a murderous mobile, the 
whole affair could be dropped nicely 
into the sleeper’s face at a specified 
time. Caution 

Be sure construction is such that 
‘it will strike a light blow, sufficient 
to wake the sleeper, but not heavy 
enough to cause pain.” 


Voila!—a dimple 


Gay Nineties beauties were offered 
a sure-fire way of acquiring much-to- 
be-desired dimples. A marvelous de- 
vice that looked suspiciously like a 
carpenter's brace-and-bit claimed to 
do wondrous things 

Merely place the rounded end of 
the bit where a dimple would be most 
devastating, and turn. In no time at 
all, the skin would soften, relax, and 

voila!—a blister 

Whether these attempts were seri 
ous or made with tongue in cheek is 
hard to say. But whether anyone 
should laugh them off can be argued 
too. After all, a lot of jaws sagged 
when a flying machine that wouldn't 
fly flew very well, and catapulted the 
Wright Brothers into a lasting spot 
in history . 
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WORLD'S FASTEST JET Lockheed’s F-104 
Starfighter: exceeds 1,400 miles per hour. 














WORLD'S FIRST AIRPLANE 
Kitty Hawk craft 


Wrieht Brothers’ 
10 miles an hour. 
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(In next issue—Part 2: SPACECRAFT) 


by K. M. Wylie Jr. an i-R CONTRIBUTING EDITOR 


Lox: A FICKLE SUMMER LOVER who has discovered 
the joys of October, man is forsaking the Air-Plane 
he so recently invented. In terms of his fastest flying 
craft, he already has built the last true aircraft. And 
the gathering swarm of VTOL (Vertical Take-Off & 
Landing) machines shows he no longer depends on 
planing to get or stay aloft. 

In our highest-performance planes we simply are 
flying too fast for the air. We have learned how to build 
supersonic and hypersonic craft. We are getting them 
up and out of the dense air to increase speed, to save 
fuel, to outrace the enemy. 

Between the supersonic speeds of Mach 2 and 3 (two 
and three times the 680 mph of sound), skin tem- 
perature rises from 200° F to 600° F, and heat prob- 
lems, caused by friction of air against aircraft structure, 
begin. Between Mach 6 and 30, air becomes a Mr. 
Hyde. No longer the familiar atmosphere, it’s a new, 
unknown medium. The effect on flight is considerable. 

For long-range commercial flights and combat pur- 
poses we must fly faster and faster. Aircraft wings 
grow thinner and stubbier to reduce drag. North 
American’s X-/5 research rocketship, a flying tube, 
has wings described as cleaver blades. It’s built to fly 
3,600 mph at an altitude of 100 miles, but may reach 
4,000 mph and 300 miles. 

Lockheed’s F-/04 Starfighter, world’s fastest and 
highest-flying combat aircraft (actual top speed is 
secret), could well be considered one of the last true 
airplanes. Operating efficiently at 70,000 feet, well into 


the HLYING 





From Kitty Hawk to melting wings 
machine is a rocket ship, 


A case in point is the 








the stratosphere, it has a wingspan of only 21 ft. 11 in. 
and a leading-edge-surface radius of 16/1000 in. Its 
Mach-2 speeds of 1,400 mph and more, plus high 
thrust-to-weight ratio, make the thinness essential. 
And to make them thin, the wings have to be short, 
an aerodynamic must. 

Design problems such as this one are symptomatic 
of the current era of the flying machine. An important, 
official recognition of the new era was the transfer 
last Sept. 30 of the facilities, personnel, and research 
activities of the National Advisory Committee for 


7 A {f N y Y aS 
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AN t+R STATE-OF-THE-ART ARTICLE 


Aeronautics to a new organization, the National 
Aeronautics and Space Administration. Creation of 
NASA was by order of the Space Act, signed by 
President Eisenhower July 20, 1958. 

Back here on earth, the flying, mailing, and cargo- 
shipping public is demanding that air transport come 
closer and closer to the source of business, dropping 
precisely into congested downtown areas and onto 
skyscraper rooftops. Even outlying airports are reach- 
ing the limit of their extension of runways. Barriers 
are both natural and financial. Merely modifying the 


LEW erd 


was Only a few years. What's next? Today’s fastest flying 
and even the atmosphere-bound craft is undergoing a revolution. 


newly researched Vertical Take-Off and Landing aircraft. 
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Los Angeles International Airport to 
receive jet transports, for instance, 1s 
costing about $60 million 

Nuclear warfare also would de- 
mand both civilian and military air 
transportation which could get into 
the air from any rough field or high- 
way remnant Literally the only 
direction certain types of air trans- 
port can afford to go is up; that is, 
straight up and straight down 


Vertical vehicles by the dozen 


The answer is VTOL or STOL 
(Short Take-Off & Landing) craft 
But achieving S/VTOL flight charac- 
Adding Mach 
numbers to the performance of com- 
bat craft has cost dearly, and we have 
paid it willingly. We also will have to 
pay it for the flexibility of vertical 
ships 

The basic S/VTOL problems—ver- 
tical stability and foolproof transition 
to horizontal flight—are knotty ones 
Hence, there are at least two dozen 
S/VTOL types currently under de- 
velopment in the United States—pro- 
pelled by rotor, propeller, ducted-fan, 
or turbojet 

In addition, 


teristics isn’t cheap 


there are the heli- 
copters with their great, flailing 
rotors—although the ‘copters are 
sometimes separated from the rest of 
the strictly VTOL flock, because the 
latter, in switching most or all of 
their thrust forward, actually can be- 
come high-speed horizontal-flying air- 
craft. Helicopter top speed forward 
is limited to about 160 mph 


The flying saucer 


And, of course, there is the flying 
saucer. Reports say that Avro Air- 
craft Ltd. of Malton, Ontario is work- 
ing On a saucer project. Avro has 
said little about the project, but some 
reports have it that the craft will be 
ultra-fast, about 40 ft. across, and 
spun through the air by a gas turbine 
with peripheral power vents. 


takeoff-and-landing is just that, its ver- 
ticality. There are extremely crowded 
ports and rooftop-sized landing spaces 
around our cities as well as hellish 
military situations which plainly do 
demand the sheer rocket rise convert- 
ing to the comet getaway. 

But whether it’s VTOL or STOL, 
abbreviated takeoff craft will end air- 
plane stacking over major airports, 
save the weight of the 60% extra fuel 
carried as standby supply for wheeling, 
and add extra insurance that the air- 
liners always would meet their sched- 
ules. Lockheed is to start work this 


year on a 2,000-mile-an-hour VTOI 
jet airliner. 

Some S/VTOL transports already 
are flying. One, at least, is about to 
go into commercial service. It’s the 
48-passenger Fairey Rotodyne, a type 
of convertiplane built in England 
Okanagan Helicopter Group, Vancou- 
ver, Canada, already has ordered a 
Rotodyne for intercity service. (Ka- 
man Aircraft Corp. is U.S. licensee.) 

Called the world’s first VTOL trans- 
port, the 200-mph Rotodyne is prob- 
ably the most fully perfected of the 
S/VTOL transports. Typical schedules, 


TILT-WING prototype, the 
Vertol 76, rises vertically, 
pulled by twin props 
powered with a single engine. 
Wing pivots for transition 


Aviation specialists actually are not 
agreed on the ideal type of abbreviated 
takeoff and landing. Should it be 
pristinely vertical, as in the true 
VTOL? 

Or are the brief rise and fall of the 


STOL craft good enough? Certainly 
they're cheaper. This is true of both 
fuel consumption and engine size. 
(STOL performance means clearing a 
50-foot-high obstacle 500 feet or less 
from takeoff.) 

Figures show that the payload of a 
VTOL craft has to be 50 to 60% less 
than a comparable STOL plane be- 
cause of the vertical model's greater 
fuel requirements. And what airport, 
the STOL advocates ask, doesn’t have 
at least 500 feet for landing and take- 
offs? 


[he main advantage of vertical- 
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To get this story on the state of aero- 
dynamic art, 1¢R contributing editor Ken 
Wylie talked during the past six months 
to dozens of “flying machine” researchers 
and literally condensed 1,000 pages of 
research reports. Wylie has concentrated 
on science writing since bis graduation 
from Northwestern (MS]) in 1952, and 
has held staff editorships on Popular 
Science, Science and Mechanics, and other 
magazines. Among his current duties at 
Armour Research Foundation, he edits the 


Industrial Research Newsletter publication. 
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city center to city center, would be 
Cleveland to Detroit, 40 min.; New 
York to Philadelphia, 36 min.; Lon- 
don to Paris, 80 min. 

Yet, since the Rotodyne has been 
under development for some time and 
is mainly a standard plane with a 
‘copter rotor, it’s also less advanced 
than some other vertical vehicles. 

Probably the nearest of all ‘copters 
to being a true commercial transport 
is the Vertol 107. A dual-rotor am- 
phibious helicopter (scheduled for 
commercial delivery in 1961), it seats 
23 to 30 passengers. The Army has 
ordered 10 of them as troop carriers. 
Vertol believes the ship stands a good 
chance of becoming the helicopter era's 
yo ag 

While tail-sitting propeller projects 
such as Convair’s XFY-/ and Lock- 
heed’s XFV-/ now seem to be sur- 
rounded by silence, Ryan in 1957 flew 
its X-/3 Vertijet. This is a jet inter- 
cepter-type which takes off nose first 
and backs down on its mighty jet blast, 
hooking its nose onto a gantry cable 
for the last few inches to touch-down 

According to Ryan, in the time a 
conventional jet fighter becomes air 
borne at the end of a _ 15,000-foot 
runway, a Vertijet can climb 15,000 
feet high, ready for action. Also, be- 
cause the Vertijet’s wing size isn’t de- 
termined by landing requirements, it 
is much more maneuverable than 
standard fighters in the air, turning in 
about one-fourth their radius. Ryan 
now plans a supersonic Vertijet fighter 
or fighter-bomber. 

In mid-1957 the U. S. Army’s 
[Transportation Research and Engi- 
neering Command assigned contracts 
for building prototype airborne cars or 
flying jeeps to three firms: Piasecki 
Aircraft Corp., Chrysler Corp., and a 
Curtiss-Wright subsidiary called Aero- 
physics Development. What the Army 
wants (but doesn’t yet have) is a fly- 
ing vehicle that can lift 1,000 pounds 

and weigh only 500 pounds more 
than that 

Piasecki, the first to get its product 
in the air, built a wingless vehicle to 
fly extremely low hugging the 
ground of battle areas, ducking under 
bridges and wires, skimming stealthily 
behind trees and hills, landing and 


AUTOMATIC CONTROL for helicopters 
has been perfected by Sikorsky, al- 
lowing pilots hands-off freedom dur- 
ing flight — something not possible 
before. System helps make all- 
weather helicopter service feasible. 


running along on its powered wheels. 
Improved and renamed the Sky Car, 
VZ8P, it is claimed to be the first 
vehicle to fly both vertically and 
horizontally powered by small rotors 
entirely within the body. 

Chrysler's solution to what must 
have been its maddening problem of 
getting an automobile to fly has been 
shown as a Slightly pointed flying 
platter. It’s a kind of 20 x 10-foot air- 
craft with wheels under the belly and 
cockpits on top, flanked by twin rotors 
powered by a 350-horsepower aircraft 
engine 

The Curtiss-Wright flying jeep ap- 
parently will use both ducted fans- 
for vertical lift—and propeller(s) for 
going forward. 


. : ah \V Wives 
TRIPOD ‘CopTER, the Hiller X ROE-1 
Rotorcycle, seats one, folds into 
small bundle that can be carried by 
a Marine. Upright 4-cylinder engine 
(which serves as backrest) drives 
helicopterat peak 70 mph; 12,000 ft. 


Wings that blow on themselves 


Fixed wings, despite such examples 
as the flying furniture and airborne 
cars, are not being entirely abandoned. 
Instead, some designs actually use 
wings to spread wide the main pro- 
pulsive power, channelling jet-engine 
exhaust there instead of spewing it 
out. 

A variation of this jet-wing system 
is the flap-blowing high-lift method 
which increases lift during takeoff and 
landing by blowing a thin sheet of air 
at the wing trailing-edge. Researchers 
now have discovered that sending this 
air sheet over a mechanical flap gives 
more lift than blowing it free. 

In some configurations it is believed 
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WING TiILTS on Hiller's new X-18 
Just unveiled, it's a VTOL, 


STOL, or fixed-winger—depending 
on runway leneth available 





that the jet-wing or jet-flap system 
could multiply wing lifting capacity 
four or five times. While this method 
cannot lift a ship perpendicularly, it 
could, in theory, get a transport com- 
parable to the DC-8 or 707 off the 
runway in a tenth the normal takeoff 
run 

Jet-wing methods also suppress jet 
noise, especially when engines are en 
closed in flattened housings mounted 
over the wing as in Martin’s P6M Sea 
Master flying boat. Exhaust roar could 
x lowered 30 decibels by this method 
except in the highest frequency range 

As you read this, if research and 
testing have proceeded on schedule, 
construction will just be starting on the 
actual test vehicle of Fairchild Air- 
craft Division’s M-224-l Fledgling. A 
single 1025-horsepower gas turbine en 
gine, geared to spin four propellers 
will power this high-tailed S/VTOL re 
search vehicle which is designed to 
prove vectored-slipstream principles 

The wing's large, articulated double 
flap, plus the all-movable horizontal 
tail and hydraulically powered double 
tail fan (for yaw control) should give 
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the Fledgling the kind of highly flex- 
ible VTOL action needed for a tac- 
tical, vertical-flying transport 

Main advantages of the Fledgling- 
type vehicle is that it combines the 
best of vertical-flying characteristics 
with the high-cruising speed of fixed- 
wing planes. And with a bigger-than- 
normal passenger or cargo load it 
could still give good STOL perform- 
ance 


Wings that tilt 


Fixed wings traditionally are the 
best way to haul the heaviest loads in 
the air. Indications, based on test-bed 
and prototype performance, are that 
the best S/VTOL load carriers are not 
the ones which throw the wing away 
but merely detach and readjust it— 
the wing-tilters or thrust-tilters. 

At least two projects are outstanding 
in this category. Vertol Aircraft Corp.'s 
Model 76 (Army VZ-2) was the first 
of the tilt-wings to fly successfully. 
And Hiller’s X-18, weighing 16% tons, 
is the first transport-sized VTOL air- 
craft built in this country. The X-18 
was unveiled last month. 

Developers of tilt-wing models see 
it as a triple-type aircraft: (1) Flying 
as a standard fixed-wing airplane with 
the wing horizontal. (2) As an STOL 
ship with the wing adjusted. Or (3) as 
a true VTOL ship, landing and taking 
off vertically, pivoting the wing full 
and shifting to horizontal flight for a 
cruising speed of 300 to 450 mph. 

Of all VTOL types, the wing-tilters 
look best for carrying the heaviest 
cargo loads; they also should perform 
well for interurban airline service at 
ranges up to 500 miles. 

Nor are these few examples all of 
the vertical/short flying story. Both 
spurred and perplexed by the realiza- 
tion that so many roads lead to the 
sky, vertical aircraft researchers seem 
determined to perfect, create, and 
jury-rig such agglomerations of ma- 
chines to take us there that the 
S/VTOL movement has gotten the 
look of a gadget carnival. Most of 
these strange machines, keep in mind, 
are test-bed projects 

But if there are any doubts about 
the commercial feasibility of vertical 
flight, the prime assurances are the 
rotary-wing craft—the helicopters 


Robot ‘copter 


Kaman has built a radio-controlled 
robot helicopter which has hovered, 
flown forward, backward, sideward, 
and landed, suggesting possibilities for 
the development of ‘copter drones and 
guided “heli-missiles.” 

Sikorsky Aircraft Division’s ASE 
unit (automatic stabilization equip- 
ment) operates both as the auto-pilot 
in a fixed-wing aircraft and makes 








automatic corrections of flight char- 
acteristics during manual flying. 

Also at Sikorsky, development of 
an all-weather helicopter should end 
the general belief that helicopters 
never would be suited for instrument 
flight and, therefore, commercial time- 
table service. Part of the new weather- 
be-damned dependability stems from 
the use of ASE; part, from a combi- 
nation of altitude and speed-measur- 
ing radar, better cockpit control ar- 
rangement, automatic engine RPM 
controls, and an automatic hover 
coupler. 


industrial Pegasus 


Helicopters are fast becoming in- 
dustrial workhorses—or  skyhorses. 
New jobs for helicopters are about as 
numerous as new jobs. They're used 
for inspecting. transmission lines, lay- 
ing out water hoses for forest-fire 
fighting, sowing rice and dusting cran- 
berry bogs with insecticide, dropping 
water or “firebrake” bombs on forest 
fires, rescuing stranded mountain 
climbers, towing water-skiers, extirpat- 
ing Army trucks from the mud, and 
photographing stone masons repairing 
the Washington monument. 

Big industrial loads will be going 
by helicopter before long. Gyrodyne 
Company of America envisions an 
amphibious Model 30 Flying Crane 
with a compact axial-rotor-engine ar- 
rangement totaling 28,000 hp. Capac- 
ity would be more than 100,000 
pounds carried either in suspended 
cargo pods or cinched firmly beneath 
the crane’s fuselage. 

Sikorsky’s crane helicopter, the 
S-60, scheduled to fly early this year, 
will carry six tons in a pod or slings. 
Its pilot, sitting in a swivel seat, will 
work at either of dual sets of controls, 
depending on whether he’s facing 
front or rear during loading and 
unloading 

Simpler methods of pushing rotors 
around have long been needed as re- 
placements for the helicopter’s com- 
plex gearing, shafting, and remote 
engine placement. Hiller has used 
ramjet tip-propulsion. Kaman _ has 
tried driving a Boeing compressor off 
the main turbine engine, then ducting 
compressed air to the blade jet nozzles. 

In a third method, used on the 
Monte Copter Model 12, compressed 
air blasts through 38-inch slots near 
the 32-foot blade’s tips. 


Personal flying 


One of the surest signs that the end 
has come to the old age of airplanes 
is the rise of personal flying, propul- 
sion by means of the one-man ma- 
chine, the intimate aircraft. At least 
four projects are notable in this area. 
Gyrodyne’s XRON-/ Rotorcycle, 








developed under Navy _ contract, 
weighs 350 pounds, flies 70 mph at a 
maximum ceiling of 12,000 feet. Hil- 
ler’s XROE-1 Rotorcycle, completely 
foldable, weighs 300 pounds, reaches 
a peak of 70 mph at the same alti- 
tude. BensenAircraft’s B-8M, driven 
by a two-cycle, four-cylinder McCul- 
loch engine developing 72 hp, has a 
mechanical drive for spinning the 
rotor at flying speed before the take- 
off run, reducing runway distance to 
less than 50 feet. 

But nothing could be more personal 
certainly than the system for flying by 
strapping to the body the Buck Rogers 
rocket belt developed in the Army’s 
project Grasshopper by Reaction Mo- 
tors Division of Thiokol Chemical 
Corp. Whether this should come un- 
der the heading of aircraft perhaps 
awaits a better definition of power 
plant or fuselage. 

But not only have the belt’s testers 
sprinted for several seconds at 35 mph 
without tiring, but they have broad- 
jumped 20 feet, and shot up eight 
feet under rocket power from a stand- 
ing position. Bell Aircraft also is be- 
lieved working on a belt. 

At the other extreme from _ these 
al fresco machines are two of the 
most advanced, facile-looking of all 
S/VTOL aircraft, one American, the 
other British 

The Bell X-14 takes off horizontal- 
ly, hovers, and settles to the runway 
vertically. The 3,000-pound thrust 
pushed by the X-14’s two turbojets 
blasts over venetian-blind-style vanes 
built into the engines’ exhaust area 
and is deflected down to give vertical 
lift. For transition to forward flight 
the exhaust blasts rearward. The usual 
rudder, elevator, and aileron control 
surfaces have little effect at the slow 
forward speeds of vertical and hover- 
ing flight. So wing tip and tail nozzles 
jet some compressed air for low-speed 
steering 

A British-built vertical flier, the 
Short SC./, with its sleek porpoise- 
nosed fuselage, is perhaps the nearest 
approach to what the sophisticated 
VTOL design is going to look like 


Five Rolls Royce jet engines—four 
mounted vertically in a central bay 
for vertical lift and one mounted hori- 
zontally in the tail for cruising ahead 
—lower the experimental craft. 

After takeoff, the four vertical-lift 
engines incline forward to aid forward 
thrust. During vertical landing they 
tip forward to give braking thrust. 
All five supply bleed pressure to the 
jet nozzles in wing tips, nose, and tail 
area for hovering stability. Built by 
Short Bros. & Harland Ltd., the SC.1 
has been tested extensively by chief 
pilot Tom Brooke-Smith. 

The ‘right’ way to fly 

What is flying the SC.1 like? 
Brooke-Smith speaking: 

“Vertical takeoff is a natural and 
straightforward process. It feels the 
right way to get into the air. Far more 
natural than hurtling down thousands 
of yards of concrete at two miles per 
minute or more. The autostabilizer 
works like a charm. I can hover with 
ease over a sixpenny piece for as 
long as my fuel lasts.” 

The autostabilizer he refers to not 
only operates the air jets but also the 
aerodynamic surfaces. Thus control 
response speeds up as the craft gains 
forward momentum, until finally the 
autostabilizer and jets are turned off. 
At that point, the pilot takes over full 
control of the ship. He can override 
the system at any time he feels it 
necessary. 

Complex, yes. But it’s the price of 
new-era flying performance—the price 
being paid by commercial aviation too 

The new age of regular trans-At- 
lantic jet passenger service, begun last 
fall by the British Overseas Airway 
Corp. (BOAC), is well underway 
now. Soviet jetliners have been on the 
trans-Siberian route for some years 
with a top speed of 559 mph, cutting 
the Moscow-Peiping schedule from 30 
to 11 hours. Fast jet-powered runs to 
Copenhagen, Stockholm, Brussels, 
Paris, Ankara, and other cities also 
have been commonplace. 

Has America lagged in developing 
jet airliners and jet passenger service? 





Chronologically yes. This country 
has fallen several years behind both 
Britain and the Soviet Union. But 
technically, perhaps not. R & D of 
today’s American jet transports has 
been thorough. We have had military 
jets which could have become airlin- 
ers as did Russia’s. As for operating 
competence, nearly half of the U.S. 
Air Force’s more than 10 million fly- 
ing hours are in jet aircraft. 

The commercial time lag was finan- 
cially caused. Jet air service is expen- 
sive for private firms to provide. 
Britain’s BOAC got its original Comet 
into service through the expediency 
of full government backing, a con- 
venience shunned by U.S. aircraft 
operators and builders. Russia’s state- 
owned air fleet is not operated for 
profit. 

The price of speed 

The largest American jet airliners 
cost about $5 million each. Engines 
alone are $100,000 apiece, the cost 
of an entire Douglas DC-3. A single 
turbojet propeller is the price of a 
suburban home, $23,000. 

But in this era of greater ease in 
the air, we demand more speed—and 
are willing to pay for it. How can 
a clock-haunted businessman, earning 
$10 to $20 or more an hour, justify 
a “cheaper” 150 to 250-mph flight 
when he can go 400 to 700 mph? 

Both turbojets and turboprops have 
been applied to the answering of 
this query. The aircraft they power 
only recently have gone into service 
or are just now beginning to fly. Some 
will be used for short hauls and feeder 
service, some for business flying. And 
business flying—which, for example, 
totaled about a million more log miles 
in 1958 than scheduled domestic air- 
liners—is a considerable field today, 
demanding its own advanced, tailored 
aircraft. 


Dream planes 


Even as passengers revel in the 
smell of fresh plastic and lacquer in 
the latest jets and turboprops, really 


continued on page 84 








The RESEARCH TRENDLETTER reports—and relates— 


significant developments of the quarter in an attempt 
to point out trends that may affect your business. 


lst quarter, 1959 
Dear Sir: 


® One of the most industrially promising—certainly the most fantastic 
trends in today's research is toward machines that actually learn. 

Consider what it would mean in your business to have a computer capable 
of programming itself, or an automatic translator to which you could dictate in 
one language and see the translation written in another. 


Or automatic pilots; landing and recognition systems. A mechanical 
librarian to digest abstracts and locate references. Or machines that 


For years, electronic designers have developed computers that make 
decisions and exert control——after a human being interprets their environment 
for them. Now, one researcher, Dr. Frank Rosenblatt (a psychologist, by the 
way) at Cornell Aeronautical Labs, has introduced into a machine the third 
essential function of the human brain-—interpretation of environment. 


The result: the Perceptron, the first machine that will be capable of 
perceiving, recognizing, and identifying its surroundings without any human 
training or control. The Perceptron would literally teach itself to recognize 
objects the first time it encounters them. Applications; all of the "fantastic" 
possibilities outlined above, and more, 


(A feature article on the Percep.ron, describing how it will work, what 


remains to be developed, and feasible applications, will appear in the 
next issue of I-R.) 





The trend toward better and faster electronic machines also is indicated 

in more conventional research, A teletypewriter believed to be the fastest 
eneral-purpo rinter i i i ry was announced by the 

Army Signal Corps and Burroughs Corp, It can type 3,000 words a minutel 

Using the relatively new printing technique of electrostatic recording, 

the teletypewriter has no ordinary keys. Even at 750 words a minute, 

current operating speed, keys could barely get into the air before 

they'd jam, Instead, letters are shot at the paper by a bank of 

electrode “guns,” 


A reversible, diodeless ghift register employing a single magnetic wire 
as the memory element is under development at Bell Labs, Shift registers, used 
in most computers, are temporary storage devices, They perform the same 
function as delay lines except that stored pulses can be shifted along at will. 

The new shift register takes advantage of Bell's new “twistor” technique: 

a wire of magnetic material when twisted can be magnetized most easily 

in a spiral direction and can store pulses when subjected to a suitable 

magnetizing field, 


In the experimental shift register, information bits are written in and 

slid along the wire by means of tiny solenoids, each 0,075-in, long 

and spaced 0,075<-in, apart. These coils are wound on a ceramic tube and 
the magnetic wire is stretched through the tube's center, The register 


can store three bits per inch; calculations show it can be increased to 
10, 


Radar seems to be getting more and more powerful. Latest is a radar 
system that can “see"“ in all direction t the me time. It's comprised of a 
number of detectors, each with a horizontal and vertical range of about 43 
degrees. How large a sector it watches depends upon the number of detectors used, 


A new radar antenna, an inflated fabric sphere called a Helisphere, can 
scan throughout complete circle without an notion of the antenna 
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atructure. Thus it permits faster tracking than rotating antennas. 


Still under development are 


» and ap anti-redar paint, making “painted” 

aircraft radar-invisible, 
The paints are thick coatings of radar absorbent materials. Contents 
are secret, but they're believed to contain chemicals to absorb radar 
waves and convert their electromagnetic energy into chemical energy— 
much like photographic emulsions, How good are they? 
The Air Force says they “greatly reduce chances of detection.” I? 
perfected, this could be the "anti-anti-missile,” 


And then there's this new e that can discriminate 


between different automobiles in heavy traffic-developed by a British firm, 
Time for a new tariff? 


Homes in mild climates now can be heated uniformly and cheaply with 
electric carpets, according to another British manufacturer, 
Cost is one cent an hour, 


A noteworthy trend in electronic aids to the handicapped is developing. 
Now that bone conduction hearing aid eyeglasses are almost commonplace, 
researchers have come up with a scanning device that enables the blind to 
“hear” w r nt. 

The instrument interprets individual letters as musical tones, which 

can be memorized by the blind, After they learn to recognize the tones 

on a tape recording, they can learn the patterns of words and finally 

whole phrases. Thus, nd» actua dinar rinting— 

at a speed of from 15 to 30 words a minute, 


Bell Labs is investigating the century-old technique of cathode metal 


sputtering for application to printed circuits. It now appears that entire 
circults-~including resistors, capacitors, and leads——may be laid down by this 
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technique, in which ionized gas molecules bombard a cathode, dislodging atoms 
of metal which then redeposit on nearby surfaces, 






















A new type coiled filament has allowed Westinghouse to manufacture a 
- t oa 





Recent developments in thermo-compression bonding have made it possible 
° t 
Use of the technique to form contacts as much as 30 mils in diameter was 
reported by Bell Labs, It also is possible now to attach leads to opposite 
sides of a semiconductor wafer simultaneously, thus making both base and 
emitter contacts at once, 


- Ultrasonics now are being used by farm researchers to measure the amount 
beneath the outer hide and fat of livestock, The waves return 
different echos when they strike a different density, such as lean meat or bone, 


Similar applications have pushed ultrasonic equipment to an annual gross 
sale of $40 million a year, Predictions are it'll reach $150 million 
within five years. The increase will result mainly from greater 
intensities in sound made possible by transducers just now emerging from 
research, 


ow etrc luminescent Light “tre thin panels that promise to make "picture- 
frame" TV possible—now are being combined with thermoelectric cells. Thus, 


instead of mere walls and drapes of light, you soon may be able to cool, heat, 
and light your office or home with single wall panels. 
“Thermoelectricity” is a new, economical means of developing electrical 
oe energy directly from heat, Westinghouse and GE scientists are working 
with thermoelectric ceramics which can stand high temperatures, 
Previous thermoelectric research used metals (which conduct heat and 
electricity too well) and semiconductors (which do not work at the high 
temperatures of power generation), 
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: : The “almost fantastic" power demands being prophesied 
for 20 years hence means industry will have to adopt completely new approaches 
according to Edwin H, Krieg, v-p of Stone & Webster Engineering Corp. Trying to 
do better what we already know how to do won't be sufficient to meet demand, 
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Generating facilities now totalling 140 million kilowatts (or about one 
kw per American) are expected to expand to 370 million by 1979, 






. R, G, MacDonald, v-p of West Penn Power Co., expects a million homes to 
© be heated electrically by 1960, and 40% of all new homes by 1970. 






@ There is a trend toward space travel, of course, But real space travel 
may not come as rapidly as so often stated by journalists and even some scientists, 
who should know better, Unwise predictions have had their sources in many 
erroneous facts, but two that have been especially prevalent are: 

~A confusion of space travel with vacuum travel. Thus, although 

North American's X-15 is planning to fly next year in an atmosphere so 

tenuous that it actually is “space,” its flight still is well within 

the gravitational pull of earth, 

“A lack of reelization that for every pound of man we put in orbit, it 

takes between 200,000 and 1,000,000 pounds to get him there and back— 

thereby making chemical rockets impractical if not impossible as man- 
carrying spaceships or satellite ships. 












Nobel prize-winning zoologist Dr. H. J. Muller suggests using a simple 
device to duplicate the gravity-free state for several hours at small cost, 
Space scientists then could get information on effects of weightlessness long 
before costly direct tests of human reactions to free-fall could be carried out, 

The device resembles the mechanism used for nullifying gravity in 

studies on plants called a "“clinostat,” 

Human volunteers would lie down in a cylinder that would be given a 
moderate spinning motion about the horizontal axis, The entire body would be 
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enclosed in a skintight envelope and immersed in a salt solution having the 
same specific gravity as the body itself, 
The head? 


Why that's encased in a transparent helmet, 


One problem of space flight is the intense heat to which travelers 
may be subjected, The Air Force has discovered that men can stand the heat 
much better if they're pre«cooled first, 
Aero Medical Laboratory researchers are cooling volunteers in a tank 
of 60° water, then popping them into a 160° chamber, Pre-cooled men can stand 
e searin eat for tw ours—~—a 


Space-age insulating problems may be solved with a new Du Pont fibrous 
material that combines light weight with good heat resistance, Because of the 


small diameter fibers (less than 1/25,000-inch), the “fibrous potassium titanate” 
blocks heat penetration by scattering incoming infrared rays, 


Liquid fluorine is the latest rocket chemical, While not a fuel, it is 
a fuel oxidizer, equally important to the rocket, Allied Chemical currently is 
supplying Bell Aircraft, North American‘’s Rocketdyne Division, and others with 
the liquid for test purposes, 


Westinghouse on the moon? 

A self-sufficient solar power plant using only wire mesh and a chemically 
coated plastic has been proposed by Westinghouse for use on the moon, 

Giant sheets of a thin plastic material would be stretched over several 

acres of moonland, The plastic would be coated with a special light- 

sensitive chemical, Then a thin wire mesh, like window screening, 

would be placed parallel to the plastic, but slightly away from it, 

As rays of the sun strike the coated sheet, the surface will emit 

electrons to be collected by the wire mesh, 

Dr. Peter Castruccio, head of Westinghouse's new Astronautics Institute 
in Baltimore, feels he can get 1,200 kilowatts of dc current for every acre of 
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the plastic-wire mesh surface, Total weight of required materials would be 
about two pounds per kilowatt, the lightest known to man, 


A poon building has been designed for the worst conditions anticipated: 
a sea of dust over craters, The building would float on the dust, anchored by 
heavy weights attached by cables. It would be made of aluminum alloys that 
combine high strength, low weight, and a good reflecting surface. (Part of the 
problem is temperature, which varies from 214° F at midday to -243° F at lunar 
midnight.) The curved shield shown in photo is protection from meteorites, 


GE's R.P. Haviland suggests sending a rocket to the sun to investigate 
the mysteries that affect our atmosphere. Dr. Haviland believes a solar probe 
could be made using available components to reach within 5 million miles of 
our star's surface, 


Dr. Leo Goldberg, director of the U, of Michigan Observatory, says a 
payload of 300 pounds would be sufficient for satellite instruments to study 
the eun, He wants to put them in e pole-to-pole earth satellite that would be 
in continual sunshine, The satellite would be free of earth's atmosphere which 
absorbs much of the solar radiation, 


r t has long been a dream of astronomers 
troubled with the masking effect of earth's atmosphere. Now Dr. Fred L. Whipple, 
director of the Smithsonian Astrophysical Observatory, believes it can be done. 

The space telescope would work in connection with an electronic 
monitoring station on the ground, 


If the dust blanket of meteor particles immediately above the atmosphere 
is as dense as 200,000 specks each cubic mile—as Dr. David E, Beard, of 
Lockheed Missiles, fears——it could cause pitting and erosion to the outside of 
@ spaceship, possibly seriously impairing its performance, 
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@ The 50-year-old phenol-formaldehyde has been boosted into prominence by 
chemical companies bent on space problems. 


As a falling missile or spaceship knifes its way back through earth 
atmosphere, frictional heat raises the nose cone temperature to more 
than 10,000° F, Since metals cannot endure such heat, the problem is to 
develop new materials that can. 


From H. I. Thompson Fiber Glass Co., Los Angeles, comes one of the more 
promising solutions. 8 a 


resin produced by Monsanto's Plastic Division. 

bed a bid that can be injection-molded into products having 
practically no attraction for dust have been developed by Monsanto. They're 
suggested for displays, clock housings, furniture drawers, record player arms, 
and other uses where smudges and dust spots are objectionable. 


Production d the - a 


highest heat-resistant polyester plastic yet developed 
has begun. It's Naugatuck Chemical's Vibrin 136A. About twice as heat resistant 
as previous polyesters, it will withstand a sustained temperature of 500° F and 

a peak load of 1000° for short periods. 


Dow reports two new plastics. One is a new elastomeric latex based on 

vinyltoluene and butadiene for use by the textile industry. It's suited best 

for upholstery and rug backing. 
The other is the first expandable polystrene bead with self-extinguishing 
characteristics. New uses are in areas of low-temperature insulation, etc. 
The beads are uniform and have a wide molding range. 


A process for laminating vinyl plastic sheet to metal on a continuous 
basis has been licensed by U.S. Rubber to a Japanese steel firm. Once laminated, 


the metal can be worked by almost any fabrication technique—including spot- 
welding—without damaging the plastic facing. 
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® Three recent developments point up trends in alloying and economical 
working of metals, Most startling is a method announced by the Air Research & 
Development Command for creating new alloys by “picrometeorite pembardnent’ 

Example: Aluminum, which begins to boil away at 3,740° F, cannot be 
combined as a liquid with iridium, which doesn't melt until it reaches 
4,450°, With the new technique, though, metallurgists can pulverize the 
iridium into tiny particles, They then can shoot them at extremely 
high speed into the microscopic crevices of aluminum's lattice-like 
structure, Thus the impossibility of mixing the two in their molten 
state no longer is a barrier to an alloy that will have aluminum's 
desirable aircraft properties, yet have a much higher melting point 
for space-age use, 


Second trend is the use of explosives, sometimes in combination with 
simple tooling, to form difficult shapes with tough metals, The Air Force, a 
prime mover in encouraging the technique, says explosives are a breakthrough, 
“Instead of massive forming presses, we need only an explosives expert, simple 
tools, a tank of water, and some isolated space,” says Col. P. L. Hill, of the 
Air Materiel Command, 


Stepped-up demands for quality in high-alloy and high-purity metals have 


resulted in a trend toward new methods for melting them and reducing porosity. 


One such process uses electric-arc furnaces developed at Battelle, 
Later improved, the furnaces now produce up to 10,000-pound ingots of 
titanium, high-alloy steels, and superalloys, The arc melts the metal 
iu vacuum or inert atmosphere and the metal is allowed to freeze while 
etill in the crucible, 


® Want the ren d & & t rubber? 
A new "Flex" developed by Devcon Corp, mixes with "Plastic Steel" to 
produce a part that will stand up to sledge-hammer pounding without breaking, 

































Plastic Steel is a filling compound that works like putty and hardens like metal, 


ss Special light-weight optical glass—with a high refractive index and 

high dispersion—has been developed by the National Bureau of Standards, It's 

useful for elements of compound lenses, especially in aerial photography and 

periscopes where a wide field of view with minimum distortion is essential. 
Usually, optical glass of high refractive index and high dispersion 
contains lead oxide, Trouble is that increasing the lead content 
increases the refractive index and limits dispersion, Instead of lead, 
the new glass contains sodium titanium silicate. 


“Tyrex,” an improved kind of rayon, is being thrown into the struggle 
for the $275 million-a-year tire cord market, This to counteract gains made by 
Du Pont's nylon in recent years, 

Tyrex is marketed by American Tyrex Corp., a new firm set up by American 

Viscose, American Enka, Industrial Rayon, Beaunit Mills, and Courtaulds, 


es An electrica nsu ion material called Hot Rock permits motors and 
transformers to work at literally red heat, Consisting of Fiberglass impregnated 
with a phosphate material, Hot Rock enabled a motor to operate for several 
minutes at 1,200° F, One motor worked for 100 hours at 1,000°, 


a New synthetic rubber—nitrile silicone-—is first to resist kerosene and 
other aviation fuels at a range of from minus 100° to plus 500° F, (Full feature- 
length story in next issue of I+R,) 


@ The trend toward industrial and agricultural uses of radioisotopes 
continues, with the AEC now financing the search for still newer applications, 


Atomic fly-killing—in reverse——is being practiced extensively in 
Florida, Boxes of previously irradiated, and therefore sterile, male 
screwworm flies are released from low-flying aircraft. The males mate 
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with females, as males and females will do—but the eggs don't hatch, 
Isotopes in this way may completely eliminate the screwworm menace, which 
costs Florida some $10 million annually. 


Two new Andyairialproduckion“Line units have been announced by Nuclear 
28" Corp. of America. e is an automatic device that accurately measures the 
contents of sealed opaque containers. It's being marketed to companies whose 
liquid or solid products are packed in cans, cartons, boxes, or drums. The 
device costs $3,000 and can gage up to 1,000 containers a minute. 
The other is 
be. Applications include inspection of instruments, electronic apparatus, 
components-——any small assembly in which the vital part cannot be seen or 
felt after assembly. 


Since the British false alarm in controlling H-bomb power, other less- 


spectacular fusion progress has been reported, 
Probably the most significant trend is the successful production of 
thermonuclear neutrons, duplicating in the laboratory the behavior of 
stars. Obtaining these neutrons in the plasma of deuterium gas, even 
for only millionths of a second, brought fusion research a step closer 
toward limitless cheap power. 


- Plans already have been made to A-bomb out a harbor in 
northwest Alaska in 1960, The absence of a harbor on the 49th state's northwest 
coast has hampered development of huge mineral reserves for years. 


- ompre ble walls that roll with the punch of an atomic 
blast (though not a direct hit) was developed some time ago. 
Trouble is, surveys have shown "no public interest at all" in such 
protection. Result: Structural Clay Products Institute, which financed 
the research, is promoting the building for construction in hurricane 
and tornado areas, 
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@ The trend in engines is toward smaller, “packaged,” or more powerful 
units for airplanes, missiles, and boats, 
ps A new turbo-prop engine has been developed to fit into existing American 
two-engine airplanes, and allow departures every 20 minutes, The director 
of Napier Engines Co., England, which announced the new engine, foresees 
elimination of costly ticketing and baggage-handling procedures—taking full 
advantage of the higher payloads possible with turbo-props, 
Passengers would pay their fares as they board, carrying their own 
baggage. The airliners themselves would be weighed automatically, 
Savings would permit fares lower than present air-coach rates, 





A “packaged” liguid fuel rocket—-one that can be stored and used any 


“2 time it's needed—has been tested successfully by Reaction Motors Division, It 
eliminates the long and expensive fueling process for ballistic missiles, 

The Thiokol engine produces about 50,000 pounds of thrust, This is 
about one-fifth the thrust turned out by the Atlas, but some six times 
that ever obtained with a packaged liquid-fuel rocket, 

42 Rocketdyne engineers this month are to begin testing an ion rocket-— 
one that supplies thrust by emitting electrons. A preliminary engine, about 
the size of a two-gallon can, already has been made, It generates about 
1/3-pound of thrust, 

Chemists now believe that up to twice the power currently developed by 
as automobile and diesel engines could be provided by nitroparaffins, Hot-rodders 
notwithstanding, the first investigation of the nitroparaffins as fuel is being 
undertaken at the University of California. 
They offer an improvement because of their ability to carry part of the 
oxygen from their own constituents into the process of combustion, 
Po Air is replacing oil for the lubrication of bearings in some machines. 


By floating bearings on a thin layer of air or other gasses instead of on 
a film of oil, North American Aviation engineers have been able to eliminate much 
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cleaning and maintenance. 


Development of the first antifreeze for use in ebullient cooling has 
been announced by Dow. 
In an ebullient cooling system, circulation doesn't start until the 
coolant reaches the boiling point. Circulation is by natural convection. 
Advantages are faster engine warm-up, elimination of water pump, 
reduction of corrosion. 
Disadvantage ‘till now: vapors produced by the boiling coolant would 
freeze in wintertime. 





® Smaller and smaller is the trend for TV sets, components, and even 
tubing. 


has been developed by GE. 


a? 
The transistorized set weighs 10 pounds, has an eight-inch picture tube 
(diagonally measured), and isn't for sale—yet. 

Monsanto now produces microtubing the size of a human hair. 
4s 


The tubing is so flexible it can be tied in knots, is resistant to high 
temperatures, inert to chemicals, and is a nonconductor of electricity. 


Applications include microbalances (for accurate measurement to one- 
three-billionths of an ounce, and recovery of helium now being lost in natural 
gas. 


* opelle a e t ompare n 
o . Hydrofoil cross- 
sections used in the propeller design allow fast and efficient propulsion 
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through the water—something formerly impossible, 
Called a “super-cavitating"” propeller, it has squared ends, Previously, 
cavitation (for formation of a vacuum around speeding props) has been 
a barrier to increasing speed, But when the vacuum becomes greater than 
the width of the propeller, super-cavitation—and high speed possibilities 


exist, 
Navy officials view hydrofoil craft as the coming thing, They say a 
50-ton ro h d be built wit w nd 


itear Adm, Denys Knoll foresees "staggering possibilities” in combining hydrofoil 
craft and atomic energy. 


The new polar route to the Orient should result in faster construction 
not only of the U.S, atomic sub fleet, but also of Italian, Japanese, Swedish, 
and British nuclear oil tankers, 


so American Machine and Foundry is to help build @ cargo sub for Mitchell 
Engineering Ltd., a London firm, The 80,000-ton submarine would be 
able to make substantial savings because of the shorter route and 
because atomic subs can go much faster than conventional underwater 
craft—with little extra fuel consumption, 


a Possibility of a nuclear surface tanker is getting the Maritime 
Administration excited, argo could be ed for shield - An R&D program now 
is underway to utilize a gas-cooled, closed-cycle turbine in connection with a 
boiling water reactor, 
If the trend toward nuclear shipping continues, atomic boats will be 
in competition with conventional ones before 1970, 


Solar Aircraft Co, is demonstrating a new high-speed, gas-turbine- 


- powered crew boat for economy in off-shore oil drilling. Advantages: one- 
sixth the weight of comparable diesels; no engine vibration due to the rotating 
operation of the turbines; it will run on diesel oil, gasoline, jet fuel, 
kerosene, or natural gas. 
~ ARtAa & 
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ov eE Buier_siut’s tiiec niles under the oeeer floor? The Moho 
== Committee of the American Miscelleneous ciety did—and now plans to find out. 


The idea is to drill down through all the layers of sediment covering 

the ocean floor to get a history of the earth from its very beginning, With 

$30,000 of National Science Foundation funds, the drilling probably will be 

just northwest of Cuba. 
Samples from such a bore hole would replace speculation with facts 
concerning the earth's density, composition, mineral phases, radioactivity, 
and age, The boundary between the earth's mantle and its surface rocks 
(the Mohorovicic discontinuity, or "“Moho”) lies some 20 miles below the 
surface of continents, but only a few miles beneath the ocean bottom, 


® Identification of several new viruses may help cure the common cold. 
Thought responsible for many of the respiratory illnesses suffered by children, 
the newly discovered viruses can be developed into a vaccine for protection 
against them. The “common cold” now is thought to be at least 70 similar, but 
separate, diseases, 


A British scientist reported that the common cold can be prevented. 
Weekly injections of a vaccine prepared from 1,120 volunteers’ own nose 
and throat bacteria significantly reduced the number of colds, A 
control group not receiving the injections had five times as many 

colds, Other tests using oxytetracycline as tablets had similar results. 


wv b t- tizi t that kills bacteria, molds, 


and virus within seconds after the mouthpiece is returned to its rest position 
has been developed, 


A “jet-propelled" injector has been developed to fire vaccine through 
your skin without puncturing it, It's said to be safer than the needle, painless, 
and faster for mass injections, Now, 1,200 soldiers can be "shot" with one 
injector in an hour, 
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The trend in teeth-rotting candy and chewing gum is to make them less so, 
University of Wisconsin researchers have found that ttl f 


diet contains oat hul xtracts, tooth decay could be cut in h - Confectionary 
manufacturers take note, 


s7 


® The trend in managing industrial research is toward ar r 
Now comes Case Institute of Technology with a formula for firms to use as a 
guide to how much money should be spent on R&D to get the greatest profits. 
The formula is to be wrapped up into a manual later this year, 


Battelle has produced an inside-out world. It's a 20-foot-high concave 
globe showing the northern hemisphere from 20 degrees north latitude to the 
Pole. 

The map avoids the distortions of flat maps and-——unlike ordinary convex 
globes—permits many viewers to see all of the map without moving. 

The photo shown is a model of the big map that will fill one side of a 
special Air Force viewing room equipped with 20 desks set in four terraced rows, 


Now they're working on a projector to superimpose bases, movements, weather 
conditions, etc, on the map, 


For about $30 an ounce, you can get special rare-earth “paints” to 
measure pressures rangin 11 the w from tons to fl teps. Changing 
pressure changes the electrical resistance of the paint film, permitting 
easy movement, 


eo A five-pound magnetic “handle” capable of lifting more than un 
is for sale—-for about $40. Lifting force is achieved by combining Indox 
magnets and polyester plastic which has a high adhesion quality to metal, 





Anew concrete building material called Calsi-Crete can be sawed, 
chopped, and chiseled without losing its strength, Weight is one-third of 
conventional concrete, It's made by blasting air through a wet mixture of 
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concrete, silica, wood, and asbestos fibers. The stuff "rises" like bread, and 
is molded, baked, sawed to size, and polished! 


A trend toward using pipelines for transporting solid particles mixed 
with air or water is in evidence. Most frequent items however are coal, grain, 
sand, salad dressing, cement, cinders, and chemicals. No “elegant, theoretical” 
solutions are necessary for pneumatic transport. Just good engineering. 

Sincerely, 


INDUSTRIAL RESEARCH 


i (a 


editor and publisher 


P.S.—If you would like additional information on any of the developments 
described in this Trendletter, please write directly to the organizations 
listed on the next page. 
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1 Cornell Aeronautical Lab., Buffalo 21, 
N.Y. 2 Office of Chief Signal Ofcr., 
Dept. of Army, Rm, 2C-252, Pentagon, Wash. 
25, D.C. 3 Bell Tel. Labs., 463 West St. 
New York 14, 4 W.C. Davis, Boeing Air- 
Piane Co., Seattle, G Westinghouse Labs. 
Pittsburgh. 6 Wright Air Dev. Cmnd., 
Dayton, O, 7 Thermalay Ltd., Halifax, 
Eng. S& Battelle Mem, Inst., 505 King Av. 
Columbus 1, O, @ H. Basseches, Bell 
Labs. 10 Lamp Div., Westinghouse, Bloon- 
field, N.J. 11 Bell Labs. 12 R.L, 
Hiner, Dept. of Agriculture Exp. Stn., 
Beitsville, Md, 3 v.c,. Wilson, Gen. 
Electric Res, Lab,, Schenectady, N.Y.; 
Westinghouse, Pittsburgh. 14 Stone & 
Webster, 90 Broad St., New York 4, 18 
Bituminous Coal Res., 121 Meyran Av, at 
Forbes, Pittsburgh 13, 16 H.J. Muller, 
Indiana U., Bloomington, Ind, 17 P.Webb, 
Wright Air Dev. Cmnd., Dayton, O. 18 OJ. 
B, Sutton, DuPont, Wilmington 98, Del. 19 
Allied Chem, Corp., Metropolis, I11, 20 
Astronautics Inst., Baltimore, Md, 2! 
Wonder Bldg. Corp. of Amer., 30 N. LaSalle 
St., Chicago 2, 22 Missile & Ordnance 
Dept., Gen, Electric, Philadelphia, 23 
U. of Michigan Observatory, Ann Arbor, 
Mich, 24 F.L, Whipple, Harvard U,, Can- 
bridge, Mass. 26 Lockheed Missile Sys. 
Div., Palo Alto, Calif. 26-27 Plas- 
tics Div., Monsanto Chem, Co,, Springfield, 
Mass. 268 Naugatuck Chem, Div., U.S. Rub- 
ber, 1230 Av. of the Americas, New York 20, 
29 Dow Chem. Co., Midland, Mich. 30 U. 
8. Rubber. 31-32 Air Res. & Dev, Cmnd., 
Dayton, O, 33 Battelle Mem, Inst., 505 
King Av., Columbus 1, O, 34 Devcon Corp. 
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Danvers, Mass. 365 Nat. Bur. of Stand- 
ards, Wash, 25, D.C. 36 Westinghouse 
Res, Labs., Pittsburgh. 37 Gen. Electric 
Res. Lab., Schenectady, N.Y. 38 Chas. 
Mathieu & Co., 509 Madison Av., New York 
22. 39 Atomic Energy Con., Wash., D.C. 
40 Structural Clay Prod. Inst., Wash. D. 
Cc. 41 Napier Engines Co, of English Ele- 
etric Co., London, 42 Reaction Motors 
Div. of Thiokol Chem, Co,, Denville, N.J. 
43 Rocketdyne Div. of North Amer. Avia- 
tion Inc., Canoga Park, Calif, 440. of 
Calif.,, Berkeley, Calif. 46 M, Wildmann, 
Autonetics Div., North Amer, Aviation Inc., 
Los Angeles. 46 Dow Chem. Co,, Midland, 
Mich, 47 Gen. Electric Res, Lab., Sch- 
enectady, N.Y. 48 Monsanto Chem. Co., 
St. Louis 24, Me, 49 M.P. Tulin, U.S, 
Office of Naval Res., Branch Office, London 
Eng. GO Amer. Machine & Foundry Co., 
261 Madison Av., New York 16, 61 Ad- 
vanced Studies Section, Bur. of Ships, 
Dept, of Navy, Wash, 25, D.C. 62 Solar 
Aircraft Co., 2200 Pacific Hwy., San Diego 
12, Calif, 63 Nat. Sci. Fndn,, Wash. 25, 
D.C, 64 J.M, Ritchie, Pub. Health Lab., 
Birkenhead, Eng. 66S Lamp Div., Westing- 
house, Bloomfield,’N.J. 66 Walter Reed 
Hosp., Wash., D.C. 67 P.H. Phillips, U. 
of Wisconsin, Madison, Wisc, 68 Case 
Inst. of Tech,, Univ. Circle, Cleveland 6, 
oO, S69 Battelle Mem, Inst,., 505 King Av., 
Columbus 1, O, 6O Stoetzel & Assoc., 

307 N. Michigan Av., Chicago 1. 61 
Saith's Magnet Sales Co,, Whittier, Calif, 
62 Continental Materials Corp., 4401 W, 

North Av., Chicago 39. 





A. old picture in the postmaster’s office at New 


York City shows postal clerks sorting mail a hundred 
year igo. | xcept for the froc k coats, this scene looks 
just like the one above, taken last month by an 
/*R photographer 

Since Benjamin Franklin’s day, the American postal 
ervice has hand-pushed, hand-lifted, and hand-sorted 
mail in buildings that usually are more ornamental 


than functional 








‘CARRIER’ PIGEON in front of Chica- 
go post office symbolizes archaic mail 
methods of the current U. S. system. 


LETTERS still are handled manually in 
U. §S. post offices despite availability 
of electronic and mechanical auto- 
matic mail sorters. Battery of postal 
clerks, ranging down alley of one of 
building's 40-odd primary separation 
cases, makes first mail breakdown. 





Why so backward? 


There is no single, pat answer. Unquestionably, the 


answer includes a variety of factors, such as inertia 
and satisfaction with things the old way. But there also 
are other, more important, reasons 


@ First, not until recent years has the postal service 


really gotten a taste of the vast problems of delivering 
rapidly increasing quantities of mail. Not until 1953 
was there clear recognition that the postal service must 





The recent postal increases have led many industrial executives to ask the ques- 


tion posed below. Here, a postal official reviews several plans of post office auto- 


mation, describes various automatic machines now under development, and 


compares the present American system with those of other advanced countries. 


by Edson O. Sessions, DEPUTY POSTMASTER GENERAL 





automate, or face a complete breakdown. 
Letters: by the billions 

At the turn of this century, the postal service car- 
ried a “mere” 7 billion pieces of mail annually. Even 
in the years just before World War II the volume was 
only about 30 billion. Since then, however, U. S. mail 
volume has doubled (spurred by such factors as in- 
creasing population, literacy, and prosperity) to more 
than 60 billion pieces. 





[_ ——— 


A torrent of 61 billion pieces of mail per year 
already is descending on the nation’s post offices. To 
give a comparison of the enormity of this mail load, 
if someone had been able to start counting before 
Columbus discovered America, and if he were still 
counting 24 hours a day, seven days a week, he still 
would not have counted to 61 billion. 

The Post Office has been advised by responsible 
government sources that there may not even be enough 


INDUSTRIAL RESEARCH january, i999 OF 








en 
» et 


people in the American labor market 
i generation or so from now to handle 
the mail manually 

ws Second, the needs of the l[ S 
postal service are unique, and unusual 


difficulties 


ment of! 


have pre vented develop 


machinery that could be 
ipplied for the handling of vast quan 
tities Of mail 
The principal difficulty is that there 
very little product control. It is not 
known from one day to the next what 


the “product” will be 


The nation’s wastebasket 


The torrent of “raw” mail dropped 
laily in the nation’s mailboxes includes 
Imost everything letters 


keys 


occasionally 


parcels 


ilar hotel wallets, baby 


Ken ind even the 
family kitten “mailed” by some toddler 

About 75 of the mail comes in at 
the end of the business day. It floods 
crowded workroom floors and further 
jammed 


wads work ireas already 


with the 

If you have never been in a big city 
post office workroom at rush hour, the 
resulting turmoil is difficult to picture 


evening shift of employes 


Imagine your own office suddenly del- 


uged with millions of pieces of all 
kinds of mail that must be unscram 
bled, poked into thousands of 


and then moved out in neat packages 


slots, 


and bags to hundreds of destinations 
within a few hours 
Understand, too, that your em 
ployes would be doing almost all of 
this by hand, or with primitive equip 
ment originated 30, 50, or even 100 
Your basic task 
letters into pigeon holes dates back 
to Benjamin Franklin and the Colonial 
Post Office 
Obviously 


years ago poking 


your first job simply 
would be removing yourself and your 
people from under this huge load. To 


do this, you would have to develop an 


orderly way to get the mail to points 
manageable 


where quantities of tt 


could be handled and sorted in an 


orderly way 


Mail Flo: first step 


One obvious answer to the problem 
is conveyor belts. The Post Office De- 
partment has started to use modern 
people 
out from under the huge load of mail 
that comes into some of 
post offices 

Called the “Mail Flo” system, it 
moves mail expeditiously on post office 
workrooms with the least amount of 
time and effort. The first Mail Flo, 
installed in December, 1956 in Detroit, 
large electronically-controlled 
system to move trayed mail to and 
from the various sorting areas on the 
workroom floor. It eliminates pushing 
mail from one work area to another, 
and clears workroom floors of the 
antiquated equipment used to push, 
pull, lift, carry, sort, and store mail. 

Mail must be given more than one 
sorting. For example, it may be sorted 
first to a then to a city 
within that 
Mail Flo system moves mail between 
what we call primary 


conveyor systems to get ils 


its biggest 


1S a 


State, and 
state. Consequently, the 
and secondary 
sorting areas 
Side mail to the 
sorting clerks in these areas and then 


conveyors feed 
take the letters, after they are com- 
pletely sorted, to points 
will be dispatched 

Nine Mail Flo were 
announced in late major 
postal facilities in New York, Boston 
Washington, 
and Ogden, 


where they 


installations 
1958 for 


Chicago, Los Angeles, 
Utah. Many others will 
be added within the next several years 

However 
ginning toward long-range automation 
Mail I lo, for 
not solve the 


Mail Flo is a mere be- 
needs example, does 
problem of “culling’ 
from other 
men in each post 


mail, picking out letters 


pieces. Dozens of 


office now work on this one job alone 
After culling... 


Once culled, letters must undergo 


two closely related operations, which 








now are done by hand or with the aid 
of limited machinery. The letters must 
(placed in the same posi- 
tion so the present canceling machines 
can handle them), and then canceled. 

As matters stand now, after they 


be “faced 


leave the hand facing operation, letters 
must be taken to another point and 
placed in the canceling machines with 
the stamp face down and forward. 
Ihe drawbacks are This 
~culling, facing, and can- 
should be wrapped up in one 
piece of machinery. To do this, the 
Post Office Department has 
working with American 
Foundry Co. and 


obvious 
Ww hole 10b 


celing 


been 
Machine & 
Emerson Radio & 
Phonograph Corp. to develop machines 
that cull, 30,000 
letters an hour in a single coordinated 
operation. These 
stack the processed letters in neat piles. 


face, and cancel 


machines also will 

In one of these machines, a “culler” 
feeds letters into the canceling section 
of the machine with the stamp in any 
of the horizontal positions—up 
and left, up and right, down and left, 
and down and right. As the letters 
an electronic eye “looks” at 


four 


speed by 
each one and activates the appropriate 
heads that 30,000 
letters an hour 


canceling cancel 

Another machine works on essenti- 
ally the same principles, except for a 
different arrangement of the dies that 
cancel the stamps. If the letter goes 
through with the stamps down, the 
first unit cancels it; if not, it flicks the 
letter over and a second bank of can- 
celing heads will handle it 


Once canceled and stacked, letters 
high speed ma 
To do this on an interim basis, 
installed in the 
area two proven 
letter mail sorting ma- 

‘Transorma™ and_ the 
Bell.” Each sorts to 300 destinations 
at keyboards punch 
keys which activate a memory system 
[his system, in 


must be sorted by 
chines 
the department has 
Washington Euro 
pean-made 


chines, the 
Operators sitting 


turn, directs each 
letter to its proper destination slot 
[he Transorma and Bell machines 
are devices of relatively low-capacity 
bought to test the basic ideas of key- 
letter equipment. But 
the ultimate goal in high speed auto- 
letter sorting lies beyond their 


present Capacity 


board sorting 


matic 


Invisible codes 


To reach this goal, invisible codes 
may be feasible 
Electronic eyes will “read” the address 
on each letter and activate the machine 
memory system to sort it as it goes by 

Rabinow Engineering Co., Takoma 
Park, Md., has developed a keyboard- 
operated machine that 
can read coded letters and direct them 


printed on letters 


letter sorting 


SIMPLE SOLUTIONS are first steps to 
postal modernization. Sorter’s stool, 
above, is significant because it’s one 
of the few changes already adopted 
The tilting seat cushion plus dual 
sets of foot rests (at base and mid- 
point of standard) provide a little 
efficiency to an inefficient operation 
—manual Below, a 
pedal mailbox helps the customer 


sorting joot- 


OT PEDAL 
MAIL BOX 
PEN PUSH PEDAL DOWN F 


“ae? 





to the proper destination. Other work 
in this field is being done by Burroughs 
Corp. and Pitney Bowes Inc. 

Electronic reading also is underway 
experimentally in another direction 
the reading of non-coded fully ad- 
dressed mail. By skipping the coding 
process, this may prove to be even 
more advantageous for certain offices 
than machines that work with coded 
mail. 

Intelligent Machines Research Corp., 
Alexandria, Va., is engaged in de- 
veloping an electronic scanning model 
to recognize typewritten city addresses. 
A jury rig model now is capable of 
reading typed addresses, and sorting 
to 18 distinct destinations. 

The letters are addressed in the type 
fonts in most general use. The machine 
now is being improved to read ad- 
dresses that are poorly typed or in 
type fonts in less common use. Some 
day, it even may read handwritten 
addresses. 

With the thought that such devices 
may be practical for applied use in 
some post offices before the hand- 
writing problem is solved, the postal 
service is developing a pre-sorter for 
this machine which will sidetrack all 
non-readable mail, including hand- 
written mail, and allow only the read- 
able mail to proceed to the electronic 
reader 

Confronted only with mail it can 
read, the electronic reader may sort as 
many as 15,000 letters an hour. The 
sidetracked non-readable mail will go 
to the keyboard-type semi-automatic 
sorter where the address can be read 
by human eyes 


The parcel problem 


Another major problem area is auto- 
matic parcel post sorting. Processing 
parcels uses 30% of post office work- 
room space and is a more serious prob- 
lem than indicated by its billion-piece 
annual volume, which is about 1/60th 
of the total pieces handled annually 

The first semi-automatic parcel 
post sorter already is in use at Balti- 
more. Called the “Greller,” it’s a 
system of electro-mechanical controls, 
belts, keyboards, a memory system, 
diverters, slides, and working tables 
operated by one man who punches the 
appropriate key as each parcel passes 
him. The punched key activates a 
memory system which, in turn, oper- 
ates paddles that push parcels off a 
moving belt and send them sliding 
down an appropriate chute for any of 
21 destinations 

Experience with the Greller has 
shown that to increase an operator's 
speed, a mechanical system is needed 
to “face” parcels so they arrive in just 
the right position for easy reading of 
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COMPLEX SOLUTIONS involve 
high-speed machine sorting 
At right is a National 

Bureau of Standards prototype 
that can sort 36,000 letters 
Below ; 


directory converts address 


per hour an optical 
information into a 12-bit code 
ri orresponding to the re¢ eptac le 
where the letter is to be 
dropped by the conveyor 


ee - sid 
CEILING SPACE in Chicago 
post office is used to 


advantage for parcel sorting 


addresses. Also the system will have to 
be more compressed to allow for more 
destination slots 

Another parcel post sorter under 
development by Jervis B. Webb Co., 
Detroit, may help meet these needs 
It will position parcels and move them 
up to the keyboard operator Now 
placed in operation in_ the 
Washington office, the machine will 


being 


sort 1,200 an hour for each operator 

An electronic memory system, acti- 
vated by the keyboard, controls a 
pallet which will tilt and release the 
parcel at an appropriate chute, where 
it slides down to the proper point for 
its dispatch to destination. It will sort 
up to 100 different destinations 


} ( Teeeecece 


Overhead trolley 

In another somewhat related devel- 
opment involving handling of bulk 
mail such as parcel post and circulars, 
the postal service ts installing a “power 
and free trolley” system in the Chicago 
post office to unload, store and trans- 
port incoming and outgoing sack mail. 

Ihe trolleys will utilize presently 
unused ceiling space and allow mail 
to be stored in the sequence in which 
it is to be processed. It will operate 
from an electric console control 
panel, and the mail will be called for 
and transmitted to the platform upon 
signaling by personnel 

In addition to these basic benefits 
to the post office itself, the coming 


automation will bring many useful in- 
novations for the convenience of the 
mailer: 


Tomorrow 


“Around the clock” postal service 
will be provided by large new vend- 
about twice the size of 


a jukebox and to be called the 


ing machines 


‘automatic postal station.” It is under 
development in an R & D contract 
with Electric Vendors Inc., Minne 
apolis. It will sell stamps, postcards 
stamped envelopes, books of stamps 
and almost all stamp items that can be 
bought at a conventional post office 
4 pilot 
summer 


model iS expected next 





ela 


ANOTHER AUTOMATIC SORTER, the Transorma, should 
It already 
post office in Silver Spring, Md. Five operators at key- 


replace manual handling 


The Post Office Department plans 
one Or more experimental contracts 
with private firms to develop mecha- 
nized The con- 
tractor will have a free hand to de- 


turnkey” post offices 
velop a post office using all of the 
ingenuity and skill of American in- 
dustry. Once completed, the depart 
ment will turn the key, walk in with 
its people, and start moving the mails 

Complete modernization will make 
several present stations “post offices 
such as the installations 
Annex 


of tomorrow 
Terminal 
ind the General Post 


in Washington; the 
at Los Angeles 
Office, Morgan Annex, and Grand 
Central Station office in New York 


methods in years to come will 
facsimile transmission _ for 
some types Of priority letters 
post offices. (Where privacy 
il, this mail still could go by 
methods. ) 
tion of letter and parcel 
ail to the machines 


} 


more efficiently ilso will become 


necessary, since postal machines can't 


everything. For in 
stance someone recently mailed a post- 


‘ 


ird measuring five feet long 


More types of mail may be “pre 


canceled to 


| the time-consuming 
process associated with the cancella 
tion of the stamp. Perhaps envelopes 
could be sold at the post office which 
will be “prestamped” with invisible 
ink that will be recognized and handled 


»y the machines of tomorrow 


boards operate 
letters an hour 
ing all sorting 


under trial at 


European progress 


Some of these developments, and 
other, more futuristic ones, such as 
“mail by missile,” are a long way off 
As far as the postal situation today is 
concerned, the impression has been 
given that the United States lags far 
behind some European countries. A 
number of articles have described in 
glowing terms the foreign same-day 
deliveries, multiple deliveries, air mail 
for all letters, and such gadgets as 
mail boxes on buses or street cars 
(long ago abandoned in fast-moving 
America ) 

Several deliveries a day may be 
very practical in a country with a few 
billion pieces of mail a year. In so- 
cialized foreign lands where the postal, 
telephone, and telegraph systems are 
government-owned it is feasible to 
have some kinds of banking and bill 
collecting services performed more or 
less directly by their postal systems 

Moreover, in some specialized areas, 
automation developments are ahead of 
ours. In the Netherlands, for example 
The Hague has an automated post 
office already working; Belgium was 
to place one in operation in late 1958 
Canada has automatic parcel post 
sorting in some offices, and is well 
along with experimental development 
of letter sorters that “read” codes, as 
well as machines to cull and face 

But these relatively few develop- 
ments do not give a true overall pic- 
ture of the United States’ postal stand- 


, 


f 


Dutch-built unit, sorting about 3,000 
each into 500 separations, and combin- 
into one electro-mechanical operation. 


ing today. Actually we are not behind 
other nations to any substantial degree 
How about Russia? 

Recent first-hand experience by the 
author in inspecting the postal systems 
of Russia and other European nations 
indicates that we are ahead in a good 
many ways, particularly in the efficient, 

preautomated” use of manpower 

For purposes of comparison, con- 
sider the facts that the Moscow post 
office handles an average of 2% mil- 
lion pieces of letter mail a day. The 
New York post office, on the other 
hand, 
million letters a day 


processes an average of 22 
almost 10 times 
the Moscow volume 

Yet, the New York post office has 
a littke more than 31,000 clerks and 
carriers on the payroll, while Moscow 
has 17,000 clerks and carriers—half 
the number to do 1/10th the job 
Projecting the rate of efficiency in 
Moscow and the volume of mail in this 
country on a national scale, the U. S 
would have to employ a clerk and 
carrier force of some 2 miflion instead 
of the 400,000 now employed 

Chis is not to suggest complacency 
Certainly, the question “Why isn’t the 
post office automated?” is a legitimate 
one—and one that can be answered 
best by saying, “It will be.’ e 


EDITOR'S NOTE: So that we may serve you 
better in future issues, we'd appreciate a 
postcard or letter ranking your interest in 
this and the other articles you read. Results 

{ Letters to 1 « R" column 


wil appear in a 














Industrial applications — by JOHN JIPP, manager, 


Today 's applications If 
of tape recording run the gamut from thing with 
to ordinary: from sputnik more art 
beep-beeps to bathtubs. being as 
start with bathtubs. A then, 
application of magnetic tape record- 
ing to the manufacture of these essen- 
tial products is interesting from sev- 
First, it points up 
the fact that magnetic tape is becom- 
ing industrially commonplace 

Second, the principles it 
work suggest literally 
new, similar uses for tape 

And third, the actual mechanics 
of the operation, though simple, 


you ve 


esoteric than 


easy 
Let's to 


new trying 


faces of a 


eral standpoints must be 


formly 
hottom 


to the 


pe’ 


can dozens of 


are gun Gauguin, 


fascinating 


lape recording has come 


Present-day assembly lines and 


eve 


as 
spray 
bathtub 


porcelain enamel coating 


covered 


a 


tried 
a spray-gun, you know it’s 


science, 


prior to being fired. Every square inch 
smoothly 
Ripples, thin spots and ridges 
won't pass inspection 


Tape-gun Gauguin 
Unless you discover 
you'll probably never be 


as good as the skilled craftsman whose 


Ampex Instrument Division 


ECORDING TODAY 


to paint any- everyday job it is to spray coatings on 
bathtubs. For it take a knack; 
the motions, if you analyze them, are 
quite complex. Watching the profes- 
spray-painter at work, 
might conclude that his job is one in 
which the techniques of 
wouldn't offer much promise 

But John Coolidge, at the Borg 
Warner plant in Des Plaines, Ill., con- 
cluded otherwise. He thought he saw 
in the potentialities of magnetic tape 
a way of putting bathtub-spraying and 
similar hard-to-handle tasks 
automated basis 
ing use of tape’s ability 
with 


does 
far trom 
Imagine, 


and 

looks 
the 

This is 


SUI sional 
the 


iS applied, 


inside you 
how 
automation 


and uni- 


particularly on 


on an 
Mak 
re-create 


pre 


you're a spray- assembly-line 


to 
events 


recorded extreme 





ong way from the first experimental 


tape-TV studios are common-place 


Next stop: the automatic office, restaurant, home kitchen 


A view from the laboratory —- vy marvin camRras 


li a major development were demon- 
strated in a magnetic recorder laboratory today, you 
could expect five or 10 years to pass before it was in 
widespread commercial use. On this basis, a research 
scientist might do some forecasting. 

However, looking back at the past decade, we realize 
that prophecies can be well below 1006; 
Among the most successful advances in magnetic re- 
cording since World War II have been high frequency 
bias, memory drums for computers, high coercivity 


accurate. 


gamma oxide tapes, motion picture sound, stereophonic 
recordings, and video-tape. But other things that looked 
bright have not worked out, as for example contact 
printing of tapes. 

An even more classic example is the telephone an- 
swering machine, for which purpose Valdemar Poulsen 
is said to have invented magnetic recording in the year 
1898; some 60 years later, telephone answering machines 
for offices are still a novelty. 


Armour Research Foundation 


So, without predicting, we will note some things 


presently in the research laboratories. 


Picture recording on your home TV 


Che advent of video recording on tape, now exten- 
sively used by the major broadcasting networks, has 
fired the imagination of many who see it as a replace- 
ment for photographic film. A home movie camera 
would load with a roll of magnetic tape. Videotape does 
not have to be processed, and could be viewed imme- 
iately on your home color television receiver. Part or 
all of the tape could be erased and reused as often 
as desired. 

All of this is still in the dream stage. Today's video 
tape recorders cost about $50,000, weigh a good frac- 
tion of a ton, and require specialized technicians for 
operation and maintenance. (These considerations de- 
tract from the appeal to most home movie makers.) 


Moreover, there is nothing on the horizon that seems 
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cision, he devised an automatic spray 
system which goes through all the 
motions, turns out perfect bathtubs 
every time, and can stay on the job 
24 hours a day 

To watch the Borg-Warner brain 
child at work Is an uncanny experi- 
ence. A mechanical hand grasps the 
spray-gun, makes a series of graceful, 
sweeping passes interspersed with 
short, deft strokes, and triggering long 
or short bursts as needed. Moments 
later, the job finished, the mechanical 
arm “relaxes” as the next tub moves 
into position. The whole operation 
seems to be guided by a near-human 


intelligence—as of course it 1s! 








The difficulty of setting up such an 








operation seems insurmountable, even 
to a person familiar with standard 
programming techniques. Actually, it 
would be almost impossible math- 
ematically to establish an operating 
cycle to coordinate the spray-gun 
aiming direction, path, speed, distance 
from target, and trigger pressure nec 
essary to duplicate human results 
The Borg-Warner programming 
technique, however, was simple. Mo 
tions of the spray-gun in the hands 
of a professional spray-painter merely 
were recorded during a regular pro- 
duction run. Sensitive transducers at 
the spray-gun itself wer d to pick 
up linear and angular motion in all 


three planes. Recorded on tape as 


‘BATHTUB’ TECHNIQUE devised by) 


exactly reproducible electrical vollt- 
Borg-Warner is applied to the auto 


ages, the motion ts re-created on play 


matic paint-spraying of a housing back 


Applying ‘bathtub’ technique 


After you've seen the tape-con- 
trolled bathtub spray in operation, it’s 
not difficult to come up with other 
applications. Imagine, instead of a 
spray-booth, a workbench where a 
skilled glass-engraver holds a crystal 
goblet up to a tiny copper wheel to 
cut beautiful three-dimensional de- 
signs into the glass. Here again there's 
more art than science; yet every ex- 
quisite scroll can be captured on tape, 
using the “bathtub technique,” and re- 
created with all the perfection of the 
original. 

Whether the tape-programmed oper- 
ation involves Operating a spray-gun, 
cutting tool, or punch-press, it offers 
other advantages in addition to that 
of exact reproducibility. One of the 
most important is that it permits the 
motion or operation to be duplicated 
simultaneously at as many as a dozen 
Stations, thus multiplying its effective- 
ness as a mass-production technique 

The ability of tape to direct a mul 
tiple-station operation is put to in- 
teresting use In automotive testing by 
Esso Research and Engineering Co 
in Linden, N. J. Here, tape program- 
ming is used in the laboratory to elim 
inate the “human-factor™” variation in 
testing fuels and lubricants 

Esso used to operate a fleet of cars 
on the open road for this testing 
Each automobile was driven by a man 
selected for his ability to perform as 
aun “average” driver. Even so, test re- 


likely to reduce such limitations by the required factor phonograph. The obvious remedy for this inconvenience 


of about 1,000. is to enclose the spools in a cartridge or magazine which 
Extensive research has been done in video recording can be inserted into the machine without threading. 


by RCA, General Electric Co., Ampex, Crosby Enter Magazines for specialized uses were available for many 


prises (now Mincom Division of Minnesota Mining & years on machines made by Peirce Dictation Systems, 


Manufacturing Co.), Armour Research Foundation, and Mohawk Business Machines, Dictaphone, Permoflux, 


others. The most successful video-recorder to date is the and others. Invariably they have been too expensive and 


Ampex, which uses high-speed rotating heads for lateral too bulky for the ordinary tape recorder. 


scanning of a two-inch wide tape travelling at 15 inches Some time ago, the Cousino Co. announced a cart- 


per second. ridge that was nearly as compact as a roll of tape. In 
RCA has demonstrated machines which use narrower the Cousino cartridge, tape in an endless loop is pulled 


tape travelling about 240 inches per second. A third out from the inner core and winds up on the outer 


method, which multiplexes the video information on layer. When the record has played through, it’s back 
about 10 parallel channels, has proved rather tricky to at the beginning ready for another cycle without re- 


operate. Other approaches show promise, but aren't winding. 


ready yet for public demonstration. This feature is ideal for pre-recorded music, but on 
Though important advances now are predicted, the a general purpose machine it has a major disadvantage: 
photographic film industry shows no worry about its the tape cannot be rewound, but must be played entirely 


immediate future. through before you can listen to a short recording 


you've just made. Reeling of the tape is quite critical, 
Magazine loading eliminates threading since each turn of tape must slide freely and contin- 
uously against the adjacent turns as these travel from 

“Tape recording” implies a roll of tape as the record the top layer to the bottom layer of the winding. 
member. The operation of threading a roll of tape onto Another form of magazine, developed by RCA, is 


a recorder is more difficult than putting a record on a generally comparable to the movie film magazine of 
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sults often were inconsistent and in- 


conclusive 


The only ‘average’ driver 
is a tape recorder 


there’s no such 
For ex 


ample, one test driver was found to 


Esso discovered 


thing as an “average” driver 


be consuming an extraordinary large 


amount of gasoline, for not 
apparent. It 
that, while enjoy 
the 


unconsciously 


reasons 


immediately was dis- 
eventually 
rock and roll car's 
the kept 
time with his foot on the accelerator! 
Under orders to leave the radio turned 


off 


covered 


ing music on 


radio driver 


his gas mileage improved 


factors, Esso recently has upgraded 
its test results and canceled out many 
inconsistencies. Though the same test 
cars are still put through much the 
same paces as before, they're now all 
driven by magnetic tape. Instead of 
attempting to produce consistent re- 
sults by repetitive test drives over pre- 
determined courses on street and high- 
way, the now are operated on 
tape-controlled “treadmills” which du- 
plicate actual road conditions as re- 
previous, carefully 
controlled test drive. 

When the test automobiles go on a 
trip,” all are subjected to the speed 
changes, acceleration, braking action, 
idling, inertial forces, and even wind 


cars 


corded during a 


actual drive. Since the treadmill sub- 
jects all cars to precisely identical 
forces, simultaneously, the testing is 
more efficient and the results far more 
meaningful. 

A similar testing procedure, used 
by Timken Axle Co., duplicates rough 
road conditions on tape in the labora- 
tory to determine the strength and life 
expectancy of various axle designs. 
To put a rough ride on tape, a num- 
ber of strain-gage transducers are at- 
tached at various points of stress on 
the axle of a test vehicle. Then, as the 
vehicle is driven over various types of 
terrain, the output of each transducer 
is recorded on separate channels of a 
single magnetic tape. 


By eliminating nearly all the human effects they 


5 
oe ot Oe. 


a 


DRIVERLESS TEST CARS are run on a tape-controlled treadmill at Esso Research 
& Engineering Co., Linden, N. J. Acceleration, speed, and braking patterns 
of an actual auto trip, previously recorded, are duplicated exactly using tape. 





Eastman Kodak. The tape magazine is rectangular, meas- 


ures 7%, x 5 x Y% inches, and contains two hubs side 
by side, holding up to two hours of recording on extra 
thin tape at 3.75 inches per second. Four tracks are 
used either singly in succession, or as pairs for stereo- 


phonic sound. 


Vast fidelity at 2” per second 


If we could record twice as many wavelengths per 


inch of tape, then we could run at half the speed for 
the same performance in regards to frequency response. 
In earliest recorders, speeds of 100 inches per second 
were required for audio, Now we can obtain vastly 
superior fidelity at less than two inches per second, 
The improvement is a result of higher information 
density. In other words, we can record more wavelengths 
on a two-inch length of tape now, than we could for- 
merly on 100 inches of inferior material. 

While higher information density is a convenience for 
audio, it is an absolute necessity for video, because 
video information comes through about a thousand 
times as fast as audio. One of the major problems of 
video is to increase the number of wavelengths that can 
be recorded per square inch of tape. The same is true 


in the fast-growing field of data recording, where in- 
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would 


encounter 


on an Back in the laboratory, electrical 
signals on the tape drive a dynam- 
ometer and loading devices which can 
subject a test axle to exactly the same 
stresses and strains encountered by the 


axle on the original test vehicle. 


Humanless milling 

Another tape-programming applica- 
tion—one which is achieving big sav- 
ings of both time and money for many 
large manufacturers such as Convair, 
Rohr Aircraft, Lockheed, and Martin 

is the tape-controlled milling ma- 
chine. This remarkable device permits 
the machining of intricate parts with- 
out a human operator. 

The machining of parts on the tape- 
controlled mill, sometimes called a 
numerically - controlled multiple - axis 
profiler, can be programmed directly 
from the blueprint without the need 





formation density is expressed in bits, or pulses per inch 
or per square inch, 

The race for higher information density demands 
better recording and playback heads, vastly improved 
tapes, and more precise mechanical transport systems. 
Already the gaps in heads are measured in terms of 
wavelengths of light. Recording densities reckoned in 
tens of thousands of wavelengths per inch, or hundreds 
of thousands per square inch, have been achieved under 
laboratory conditions. 

Whether these can be translated into commercial sys- 
tems of adequate reliability and economy remain to 
be seen. 


Dictation recorders: a magnetic future 


Magnetic recording has such unique advantages for 
dictation use that this was one of its earliest applica- 
tions. Because magnetic records can be erased and used 
over and over again indefinitely, the cost of supplies 
is negligible. Moreover, a person can correct his dicta- 
tion by erasing a word, a sentence, or a paragraph; 
and then re-recording. 

Dictation imposes specialized requirements such as 
rapid and accurate indexing, start, stop, backspace, 
playback of the last phrase during dictation, etc. To 





for models, templates, or special jigs. 
Lead time between drawing board and 
finished piece often is reduced by as 
much as two thirds. Set-up time is 
minimized, tolerances are improved, 
and chances of human error are virtu- 
ally eliminated. 

In operation, the milling machine's 
cutting tool is positioned along its 
three coordinates by electrical im- 
pulses recorded on the program tape. 
The cutting tool receives as many as 
200 commands a second, each one de- 
fining an exact position for the tool 
(correcting for tool wear at the same 
time) and enabling it to remove metal 
from the work piece to tolerances on 
the order of one ten-thousandths of 
an inch. 


The automatic office 


Magnetic tape recording today is 
playing a significant part in the de- 
velopment not only of the automatic 
factory, but of the automatic office 
as well. Digital recorders, using binary 
coding to store as many as 4800 bits 
of information per square inch of 
tape, are used increasingly to feed in- 
formation into and out of computers 
and other electronic office machines. 

A single standard reel of magnetic 
tape can hold more names and ad- 
dresses than there are in a_ 1,000- 
page telephone directory. In about the 
same length of time it might take you 
to look up a person’s name and num- 
ber in the phone book, a modern 
computer with magnetic tape input 
output can search the entire book by 
means of the number and come up 
with the name. 

Among those using taped computers 
to post payroll and inventory infor- 
mation are the Bank of America, the 
Marine Corps, and Johnson’s Wax Co. 

When coupled with a newly devel- 
oped high-speed printing device, mag- 
netic tape can give up its recorded 
information in the form of printed 
copy at the rate of nearly 5,000 lines 


the most widely exploited videotape 
application, there are many other new 
and promising uses for videotape be- 
yond entertainment. 

Because videotape offers the unique 
ability to record information over a 
frequency spectrum more than four 
megacycles in width (broad band), 
it is finding application in simulation, 
monitoring, and the like. 


Videotape ‘ground-school’ 


For example, a_ videotape-pro- 
grammed sequence of events can real- 
istically simulate a jet aircraft train- 
ing flight. Thus the “ground-school” 
student can be thrust into an array of 
complex situations which, under ac- 
tual in-flight training conditions, might 
require undue risk of life and equip- 
ment. And by programming several 
repeaters from a single videotape in- 
strument, any number of students can 
be exposed simultaneously to exactly 
the same training situation—thereby 
allowing fair comparisons. 

Videotape isn’t the only means of 
capturing visual information on mag- 
netic tape. A new tape recorder that 
works in conjunction with facsimile 
equipment now makes it possible to 


a minute. At this rate, for instance, 
it can print more 


than two million 


record photographs, drawings, printed 
matter, or blueprints on magnetic 


magazine mailing labels in an eight- tape. They can be reproduced sub- 
hour day. 


“taped” profiler 
shapes a complex airplane part at 
Rohr Aircraft € orporation’s factory. 


as a 


video recording. 


meet these requirements and others, many approaches 
have been tried, including wire and tape on spools and 
in cartridges, belts, drums, discs, and flat sheets. 

In this country every one of these designs has met 
with some success. Yet none has displaced the older 
methods which use mechanical grooves. We may specu- 
late as to whether this has been attributable to high 
cost, to poor design, to unfavorable merchandising, or 
to pure inertia. Regardless of its present status, the 
entire industry feels that the future of dictation lies in 
magnetic recording, and major companies as well as in- 
dependent laboratories are working toward a definitive 


design. 
Magnetic memories—computers and satellites 


High-speed digital computers, machine-tool control 
systems, and data processing machines all require a 
memory where information and instructions can be 
stored. The information almost always is coded and 
stored as binary digital bits or pulses, since this gives 
maximum economy of storage, and is in the language 
directly understood by the machines. 

Two important requirements are apparently contra- 
dictory: 1 large storage capacity, and 2 short access 
time. 


One of tape’s most spectacular abil- 
ities, and one of 


sequently once or thousands of times, 
retaining practically all their original 


best known, is sharpness and detail 


Though TV record- In operation, this tape machine 
ing is the most obvious and currently 


records the electrical output of con- 


For large storage capacity, nothing yet has been found 
that excels magnetic tape wound on reels, as for exam- 
ple in the tape memory of the IBM Model 702 com- 
puter. Yet this is the worst possible form for rapid 
access to randomly selected information, because it may 
take a minute or more to wind a reel to the required 
place. 

At the other extreme is the magnetic surfaced drum 
made by Ferranti Electric Inc., New York, which rotates 
at 23,500 revolutions per minute to give an access time 
of 2.5 milliseconds or less on any one of 20 channels. 
Fast as this may seem, it is thousands of times too slow 
for the short term memories of computers where times 
are reckoned in microseconds or milli-microseconds. 
However, the magnetic drum is widely used to com- 
plement the faster memories in data processing, since 
its capacity is far greater than anything attainable with 
faster memories. 


A system that holds as much information as a roll 
of tape, but with greatly reduced access time has been 
developed by IBM for its RAMAC (Random Access 
Memory Accounting Machine). This is a sizable recorder 
with 50 discs, each two feet in diameter mounted con- 
centrically on a shaft driven by a one-horsepower motor. 
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ventional facsimile equipment used by 
wire photo services and inter-plant 
Unlike or- 


dinary facsimile transmission, how- 


communication systems 


ever, the taped information can be 
speeded up for fast transmission to 
other recorders at the receiving station 
or stations 

At the receiving end, the taped fac 
simile impulses are reconverted to the 
Original photograph or drawing on a 
simple, direct-writing facsimile ma 
chine without having to process 
photographic negatives or prints 


Fast blueprint transmission 


An interesting application proposed 
for facsimile-on-tape involves a large 
corporation which has reduced its 
blueprint files to microfilm. By scan- 
ning a projection from the microfilm 
original and recording it directly on 
tape (wthout photographic processing), 
quick reproduction of blueprints will 
be possible at any one of the com- 
pany’s nationwide network of plants 

Magnetic tape recording techniques 
have been used in the long-distance 
transmission of almost every conceiv- 





THE AUTHOR 


Elaboratine the current industrial uses of 
tape recording comes easy to Jobn Jipp, 
manager of Ampex’ Instrumentation Di- 
ision. Jipp became an officer of the com 
pany in 1957 after long experience in 
marketing, sales (for Motorola), design 


engineering, and field research of military 


able type of information. Last Sep- 
tember, for an out-of-the-ordinary ex- 
ample, a doctor in Maryland used tape 
to acquire six items of medical infor- 
mation simultaneously from a patient 
in Naples, Italy. With immediate ac- 
cess to electrocardiogram, _ heart 
sounds, breast sounds, respiratory rate 
and volume, and myograms (measures 
of muscle activity), the doctor was 
able to make a complete “bedside” 
diagnosis from across the Atlantic 
Ocean 

In other medical applications, mag- 
netic tape is used ip locating brain 
tumors, measuring fetal heartbeat dur- 
ing childbirth, diagnosing early schizo- 
phrenia, measuring brain waves and 
nerve potentials, and in studying heart 
disease 

Many of the new tape recording 
applications have been built around 
the loop recorder, a tape machine 
which records continuously on an end- 
less loop of tape. In the far north, this 
recorder is running radar warning sta- 
tions on a round-the-clock schedule 
without human operators. 

A typical industrial application em- 
ploys the time-delay talents of the 
loop recorder. With loop length and 
tape speed adjusted to coincide with 
conveyor belt speed and distance be- 
tween stations, a non-standard part 
passing an inspection station auto- 
matically is eliminated when it reaches 
the rejection station. 

One of the most important and rap- 


table.” Rocket and missile compo- 
nents manufacturers, for example, tape 
the actual vibration environment in 
which a component is expected to 
function. The shake-table is _ pro- 
grammed from actual missile flights 


Shaking the shake-table 


At Caltech’s Jet Propulsion Labs, 
new complex-wave vibration testing 
techniques have been developed for 
such purposes as testing the compo- 
nents sent aloft in the Explorer satel- 
lites. These techniques involve the use 
of shake-tables programmed with a 
composite of random noise, engine vi- 
bration, aerodynamic properties, and 
structural resonances. Once on tape, 


continued on page 82 


radio equipment during World War UI recording is to 


idly growing industrial uses of tape 
program the “shake- 





Five million characters (up to 40 million bits) can be 
stored, which is equivalent to 60,000 punched cards, or 
2,000 feet of magnetic tape. 

Undoubtedly the lightest-weight magnetic memory ts 
one built for the U. S. satellites. Information is recorded 
continuously during the two-hour traverse of a satellite 
orbit, at the same time winding a spring. When the 
satellite passes over a control station the spring is re- 
leased and two hours of information are transmitted 
in seconds. The record then is erased for the next 


traverse 





THE AUTHOR 


Your business of the future probably will be affected more by 
Marvin Camras’ work than by your own. Certainly the present 
day $100 million a year recordine industry would not exist 
without bim. Often called the “father of modern recording,” 
quiet, unassuming Marv Camras holds practically all the basic 
magnetic recording patents—more than 200 of them. A senior 
scientist at Armour Research Foundation, Camras’ inventions 
are used in motion pictures, radio and television, office ma 
chinery, high-speed computers, and most of the other develop 
ments described on these pages. Along with Thomas Edison, 
Lee DeForest, Marie Curie, and others, Camras is a winner of 
the coveted John Scott Award—distributed for the past 143 


years “among ingenious men who make useful inventions. 


Che field of magnetic data storage has barely been 
explored. At present it can truly be said that by the time 
a machine is put on the market it is already obsolete. 


Ferrography for facsimiles 


If a fine suspension of magnetic power is placed on 
the surface of a recorded tape, the particles will be 
attracted toward the regions of high magnetization, 
and an image will appear which shows the otherwise 
invisible magnetic pattern on the tape. This is ferro- 
graphy. 

Ferrography can be applied to facsimile, and to high- 
speed printing of characters. Clevite Electronic Com- 
ponents Co. has developed a graph recorder using this 
principle which operates many times faster than any 
pen-and-ink type recorder. 


Sensitive pickup and playback heads 


Nothing is as yet competitive with ordinary magnetic 
pickup heads that respond to rate-of-change of magnetic 


flux. A shortcoming of such heads is that their output 
drops to zero when the frequency to be picked up 
becomes zero (d-c magnetization). 

A magnetic modulator head has been developed in 
which a high-frequency carrier responds to magnetiza- 
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‘SHAKE TABLE,’ it 
right, literally 
shakes a rac bh 
of electron tubes 
to death—to see 
how lone it took 
The shaking, on 
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fape, tS exact 
duplicate of a 
missile’s flight 
Below, a battery 
of tape recorders 
works aboard 
U.S.S. Mariposa, 
vu here Bell 
Aircraft studies 
ship motion 
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tion of the tape. The modulator head is sensitive even 
when the tape is not moving. Not only ts this head 
ideal for special applications, but its high-frequency 
output is enough to energize an antenna. Tapes which 
are played back can be picked up with an ordinary 
broadcast receiver, without any additional amplification. 

Playback heads also have been made where magneti- 
zation of the tape deflects an electron beam in a cathode 
ray tube. Such heads have characteristics which, like 
the magnetic modulator head, enable them to sense 
frequencies down to zero. Their main disadvantages are 
large size which makes them clumsy and difficult to 
shield, lack of stability, and life limited by filament 
burnout. 

Semiconductors have been used successfully for active 
elements in pickup heads. Heads utilizing the Hall-effect, 
the magneto-resistive effect, or even magnetic effects 
on transistor action have been proposed. As new semi- 
conductors of superior properties become available, it 
seems reasonable that they will be used widely in mag- 
netic recording. 

In summary, magnetic recording today has dozens of 
new avenues that have barely been explored—this in 
contrast to 15 years ago when many considered it 


“solved” except for the finishing touches. S 
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How did Ben Franklin make so much money 


By being a scientist? A diplomat .. . executive . 
inventor? 


By all of these things: by avoiding the popular “science” 
of the 1700s (witchcraft) and by enlisting experimental 
methods for useful purposes. 


Or, as we’d say today: by avoiding timeworn methods 
and by applving the results of scientific research 

to industry. The Franklin stove and the lightning rod 
were applied research at its best. 


It was Dr. Franklin’s insatiable curiosity that 
earned him his fortune. A curiosity that carried him 
far bevond his narrow “field,” of printing, 

and into many other fields. 


Today more than ever, industry is interrelated. 
Chemical management needs to know what’s happening 
in the steel industry. Electrical executives 

must keep informed about aircraft, automation, 

atomic energy, metallurgy, space technology . . 


Filling this need to know—vyour management need—is the 
purpose of Industrial Research magazine. 


Reading it will not put your picture on a 50-cent piece. 
But it may help you gather a few. 
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What is the nature of the coming $500 million semiconductor market? 


Why its it so certain? 


What new developments can be expected to meet tomorrow’s evolving technology? 


semiconductors: = aynzami 


7 


ontinuous growth ot the elec 
tronics industry depends upon devel 
oping more complex systems and then 
solving the acute problems arising 
from maintenance of such systems 
Your home TV or hi-fi set, the ma 
chine shop moving toward automation, 
large data processing centers, and 
space satellites—all have one thing in 
common: a compelling need for com- 
ponents that guarantee minimum 
service and minimum replacement 


Semiconductor devices are precisely 


GE'S new thermionic converter 
made of metal and ceramic 


is the size of a quarter 





suited to this technological pattern 
Incomparably reliable and promising 
virtually infinite life, they have be- 
come so important as to form a dy- 
namic new industry within a dynamic 
new” industry, electronics 


The market 

Semiconductor sales principally 
the sales of diodes and transistors — 
have more than doubled annually 
during the past 10 years. Diode sales 
increased from less than a half mil- 
lion units in 1946 to 56 million units 
(or $73 million) in 1957. The sale of 
transistors, newborn in 1948, rose to 
29 million units ($70 million) in 1957 
Fifty-five companies sold over $200 
million worth in 1958, despite a re- 
duced growth rate early in the year 
Forecasts indicate a potential $500 
million market in the United States 
within five to 10 years 

What is the nature of this tremen- 
dous market? What properties assure 


the future of semiconductor devices? 
What new developments can be ex- 
pected to meet tomorrow's evolving 
technology? 

Semiconductor devices are electrical 
components based upon the junction 
properties of semiconductor mate- 
rials. They are being introduced and 
used at an increasing rate in every 
area of the electronics industry today. 

The electronics industry, only re- 
cently arrived in the fifth position 
among United States industries, ac- 
counted for $12 billion in sales dur- 
ing 1957. Growing rapidly and ever 
more important to each major Amer- 
ican market capital equipment, 
consumer goods, and military systems 

the electronics industry itself pro- 
vides an ample future market for 
semiconductors. 


Romantic transistors 


The principal semiconductor, the 
transistor, is young; its first commer 


by Walter F. Leverton and David Rubintien, Raytheon Manutacturing Co. 





TRANSISTOR SUBASSEMBLIES pass in review 
for visual inspection before they're 
tested electrically and then encapsulated. 


A SINGLE CRYSTAL rises magically out of 


new industry 


cial sale took place less than 10 
years ago. Yet, this tiny device has 
revolutionized the electronics indus- 
try. From the moment of its announce- 
ment by Bell Telephone Laboratories, 
dozens of companies and thousands 
of scientists and engineers flocked to 
investigate its properties, manufac- 
ture, and application 

Few inventions in history have been 
surrounded by such intriguing, if not 
romantic, prospects. Virtually every 
kind of scientific and production spe- 
cialist has been involved in its devel- 
opment: theoretical physicists, physi- 
cal and organic chemists, metallurgists, 
plating specialists, machine designers, 
miniaturization experts and, of course, 
the users electronic and electrical 
circuit and systems design engineers 
Fruitful cooperative effort on the part 
of all these groups has resulted in the 
transistor’s rapid development 

An amplifier, the transistor is sim- 
ilar in the function it performs to the 


molten germanium at Raytheon’s lab 
Double exposure dramatizes “growth.” 


vacuum tube (thermionic emission 
tube). But in its fundamental prop- 
erties, the transistor is so different 
that its potential extends far beyond 
that which could be visualized for the 
vacuum tube 

No one characteristic of the tran- 
sistor adequately distinguishes the de- 
vice its incredibly small physical 
size, light weight, low noise, reliability, 
almost fantastic resistance to adverse 
mechanical environment, unbelievably 
long life, or moderate cost. Rather, it 
is the combination of all of these 
characteristics in a single device, cou- 
pled with the ability to amplify elec- 
trical signals 

Since the electronics industry is 
concerned mainly with the processing 
and transmission of information, the 
inherently high-power efficiency of 
transistors at low-power levels makes 
them uniquely suitable in this area 

Ihe precise energy levels required 
for processing information In a given 


system are determined by the ability 
of the system to discriminate between 
information and inherent “noise” 
(electrical interference) at each stage. 
Similarly, the transmission of informa- 
tion requires adequate signal-to-noise 
ratios and, at most, energy levels con- 
sistent with the thresholds of sensory 
perception where humans are involved 
in the system. 

The transistor admirably meets each 
of these requirements. It is limited in 
practice only by the frequencies de- 
sired for the highest speed data proc- 
essors and the highest frequency 
communications systems or by the 
high-power requirements of selected 
applications 

The efficient control of power at 
substantial levels, however, is within 
capabilities of the present transistor 
Conceptually, much greater _ in- 
creases in handling capacity and effi- 
ciency are possible in transistor de- 
signs. Thus, completely automatic con- 
trol systems directed by information 
developed at very low energy levels 
will be capable of amplifying and di- 
rectly controlling vast amounts of 
energy 
‘Unbelievable’ climb 


The future of semiconductor de- 
vices will encompass both new appli- 
cations and more complete exploita- 
tions of existing ones. The result will 
be a rise in usage so steep as to seem 
almost unbelievable even to active 
participants in the industry. This pre- 
diction is predicated on three factors 

1. The applications of electronics 
both to military and commercial end 
use will continue to multiply at a 
rapid rate 

2. Increasing replacement of other 
components (vacuum tubes, gas tubes, 
etc.) by semiconductor devices is in- 
evitable 

3. New semiconductor devices, as 
yet not out of research and develop- 
ment, promise to perform entirely new 
functions and give the equipment de- 
sign engineer a new dimension in 
which to exercise his talents 

For the immediate future, the trends 
are obvious. The increasing complex- 
ity of electronic equipment has 
stirred up the problems of physical 
size and reliability. Semiconductor 
devices offer relief in both areas and 
promise even more effective solutions 

As the processes of manufacture 
improve to provide higher purity ma- 
terials, perfectly conditioned surfaces, 
and more effective package seals, a 
new order of reliability with nearly 
infinite life expectancy becomes a dis- 
tinct possibility for the future 


Components in a package 


Somewhat primitive developments 
in size compression already have 
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PRODUCTION LINES such as this 
one at Zenith, where portable 
radios are being assembled, 

use transistors by the millions. 


achieved widespread acceptance. These 
multiple packages consist of a number 
of semiconductor diodes and/or tran- 
sistors, electrically conr ted and as- 
sembled with other mi. ute compo- 
nents to perform a given circuit func- 
tion—all encapsulated as a single plug- 
in or solder-connect package. 

This approach greatly reduces de- 
sign and assembly time for circuits 
involving fairly standard functions. It 
is practical for the semiconductor 
manufacturer to sell multiple units 
only because of the semiconductor’s 
high reliability: if any one component 
in a multiple package were to change 
its characteristics, or fail, the whole 
package would have to be rejected. 

Circuit designers recently have re- 
ported great strides in their efforts to 
build microminiature electronic equip- 
ment. One thousand of the smallest 
commercial transistors, widely used in 
hearing aids, occupy only one cubic 
inch 

Circuit modules have been con- 
structed so compactly that 2,800 com- 
ponents are packed into the cubic inch 
by assembling unpackaged semicon- 
ductor diodes, transistors, and other 
elements, and subsequently encapsu- 
lating to protect the sensitive elements. 

This example of creative packaging 
points up the manner in which new 
electronic techniques are made possi- 
ble by imaginative use of solid-state 
electronic components 


In 11 years since Bell Labs’ introduction of the transistor, this most widely used 


~ 


Tomorrow's shapes— 
with today’s limitations 


Steady efforts are being made to 
overcome limitations of today’s semi- 
conductor devices. The power-han- 
dling capacity of both rectifiers and 
transistors can be expanded through 
present scientific knowledge. There is 
little question concerning feasibility 
of manufacturing very high power 
devices; the outstanding problems 
here lie in marketing and economics. 

The limit of high frequency per- 
formance falls in a somewhat differ- 
ent category. This barrier is imposed, 
for conventional transistors, because 
it is impractical to reduce the size of 
their active regions much further. 

Ingenuity of fabrication and the in- 
troduction of new techniques (for ex- 
ample, the fabrication of junctions by 
solid state diffusion) have pushed the 
upper limit of operating frequency of 
transistors to several hundred mega- 
cycles per second. However, any sig- 
nificant advance beyond this point will 
require new basic knowledge and 
invention. 

Semiconductor amplifiers and oscil- 
lators for much higher frequency 
operation are likely to differ substan- 
tially from conventional transistors in 
both mode of operation and geometri- 
cal arrangement. Several promising 
approaches to the problem are under- 
going intensive investigation in re- 
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BONE-CONDUCTION HEARING-AID-GLASSES, powered directly by light instead 
of batteries, are possible only because of the development of semiconductors. 
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search and development laboratories. 

One solution involves a direct effort 
to reduce the transit time. This is the 
time required for electrical carriers to 
traverse the active region of the de- 
vice; it is the principal limitation on 
high frequency performance of tran- 
sistors. 

The high electric field in the neigh- 
borhood of a reverse biased semicon- 
ductor junction will accelerate car- 
riers to high velocities. Successful de- 
sign of devices in which the active 
region is contained in this high field 
should result in a real breakthrough 
to very short transit-time devices. 

One such approach to high fre- 
quency semiconductor devices is the 
“Spacistor” under development at 
Raytheon. A quite different approach 
to high frequency amplification, it in- 
volves the application of an old idea 
made practical by recent develop- 
ments in the semiconductor field. This 
is the parametric amplifier making use 
of the variation of electrical capaci- 
tance with voltage applied to a semi- 
conductor diode. 

Specially designed experimental 
diodes have been operated successfully 
as amplifiers and oscillators up to 
microwave frequencies. To those fa- 
miliar with present-day noise levels in 
amplifying devices, the most exciting 
feature of the parametric amplifier is 
its extremely low noise level. 

A third limitation of present day 


semiconductor now is being manufactured by 55 companies in the United States and 37 others in 10 foreign countries, notably Japan. 


SORTING of semiconductor 
materials for some 20 transistor 
characteristics proceeds 

at 400 to 600 units an hour. 
Photo at right shows 

what the woman above sees 
through her magnifying glass. 
Rubber gloves protect the to-be 
transistors from contamination. 


semiconductor devices is that of oper- 
ating voltage. While the present peak 
voltage specifications somewhat limit 
the application of transistors, it is in 
diodes that the drawback is really 
serious. Few commercial diodes with 
peak inverse voltage ratings above 
1,000 volts are available even though 
laboratory specimens operating over 
5,000 volts have been reported. 

Potential applications for diodes of 
1,500 to 3,000 volts are numerous. 
Many important applications require 
specifications at 20,000 volts, 40,000 
volts, and higher. 

Without doubt, the future will see 
diodes developed to operate reliably 
throughout this range, as no major 
theoretical or technological develop- 
ments are required to make this pos- 
sible. In fact, current laboratory 
studies of ultra-pure and extremely 
perfect silicon singie crystals strongly 
indicate the development of such high 
voltage diodes. 


The day after tomorrow 


Future developments discussed to 
this point involve tailoring devices 
from well-understood materials and 
utilizing known principles to perform 
well-defined functions. While it is cer- 
tain that availability of such devices 
will generate important applications 
as yet unconceived, the really amaz- 
ing successes of the future in this field 
may be wrapped up in the unique 


properties of new semiconductor ma- 
terials. 

The “three-five” compounds prob- 
ably are the most widely studied 
group of new semiconductor materials. 
These compounds derive their name 
because they contain equal numbers 
of atoms of one element from the 
third column of the periodic table 
(aluminum, gallium, or indium) and 
of another element from the fifth col- 
umn (phosphorous, arsenic, anti- 
mony). 

Certain members of this family of 
compounds are distinguished by elec- 
tron mobility much larger than that 
in germanium or silicon. (Mobility 
is a measure of the ease with which 
a free electron in the material is ac- 
celerated by an electric field.) 

Other three-five compounds hold 
promise as basic materials for the de- 
sign of semiconductor devices capable 
of operating at higher temperatures 
than is possible using silicon. 

Silicon carbide is another semicon- 
ductor undergoing intensive study. 
Experimental diodes constructed from 
this material already have demon- 
strated some of the predicted and de- 
sirable very high temperature oper- 
ation. 

Progress with silicon carbide is 
stymied at present. The difficulty lies 
in preparing the material in single 
crystals of sufficient size and purity to 


continued on page 86 














EVERY DOLLAR fed into the gigantic research complex RR occarci is like the rather 
of 1959 will return $100 to $200. But it will take from 
three to seven years before results become noticeable. 


elaborate slot machine pictured on these pages: if you 
put in enough investment and wait enough time, the 
pay-off may be large. Skillful management based on 
an understanding of the research process can make the 
returns on this investment somewhat more certain and 
well worth the waiting. 

American industry now has enough experience with 
research to make this understanding available to those 
who truly seek it. 
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lollar returns from research 


Latest surveys show how research has paid off in profits for your competitors, the percentage 


they spend for research, their attitudes toward it. How does your company compare? 


by Dr. Irving Telling and Warren S. Berg, A. D. Little Inc. 


“Research has meant the difference between growth 
and stagnation so that 90 cents out of every Minnesota 
Mining sales dollar now comes from products devel- 
oped by research,” according to 3-M president, Her- 
bert P. Buetow. Statements like this can be made of 
DuPont, RCA, and other research-based. companies. 

Rarely, however, does research pay off as dramatic- 
ally as it did for the family-owned American Paper 
Goods Co., which used outside research on a new 
product to obtain better than bank-rate returns on its 


idle capital. The consultant conducted a market study 
and found that a paper cup suitable for hot drinks 
was a promising possibility. The research team then 
developed a non-toxic, tasteless plastic to coat the inside 
of the cup for greater strength and durability and, in 
conjunction with the client’s engineers, designed and 
built the coating machinery. 

Even before the interesting new product was ready 
for markcting, a large container company bought up 
A.P.G., providing the owners with unexpected large 
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returns on their investment. 

Dr. Raymond H. Ewell, formerly 
of the National Science Foundation, 
has calculated that research money 
yields an annual average return of 
100% to 200% over a 25-year period. 
He compared this national figure with 
such industrial experiences as one 
chemical company’s estimated 200% 
per year return over a 12-year period 
from its research. This would indicate 
that research does pay off like a slot 
machine. 

The analogy is not too far-fetched, 
for slot machines sometimes absorb 
a good deal of capital and have been 
known to hit the jackpot with dis- 
couragingly low frequency. In fact, 
80% of new products fail. 


New products can succeed 


New products need not fail 80% 
of the time, however, and the odds 
are improved by skillful management. 
Understanding of the practice of re- 
search and development is one reason 
why men like William C. Decker, 
president of Corning Glass Works, 
can record that only one quarter of 








Warren S. Bere 


them on and off like a faucet. They must never be a function of 
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his company’s present business comes 
from products more than 15 years old. 

This understanding exists among 
many in the ranks of management to- 
day because American industry has 
considerable experience with research. 
Eleven billion dollars is the esti- 
mate of the total 1958 investment in 
this activity; that’s really feeding the 
slot machine! Elsewhere in this issue 
are predictions of a $12 billion in- 
vestment for this year! 

As Esso’s E. Duer Reeves com- 
mented a few years ago, research is 
an industry in its own right now, con- 
tributing a significant percentage to the 
gross national product each year. 

The most impressive growth of this 
industry has occurred since 1948: 
from $2 billion to $11! billion in a 
decade. Such mushrooming of a single 
activity is bound to attract attention. 
Articles, books, dissertations of dili- 
gent graduate students, conferences, 
and workshops have explored the 
phenomenon in detail, especially the 
problems and techniques of research 
management. 

So much research on research plus 


Dr. Irving Telling 


the experience acquired from practic- 
ing the object of all this study has de- 
veloped considerable sagacity. And 
more is being added every year. 
Godly reception 

Industry was not always of this 
mind. It is said that when Arthur 
Dehon Little sought $50,000 in New 
England to obtain the American rights 
to the Cross & Bevan viscose process 
about 60 years ago, he was given the 


same kind of reception he met a few 
years later when he wanted to develop 
cellulose acetate: 


“Do you mean to say, Dr. Little, 
that man can ever produce fibers as 
good as those God has provided us?” 


The viscose process today is the 
basis of the $420 million viscose 
rayon industry. 

Challenged by the general lack of 
technological vision, Dr. Little devoted 
much of his life to preaching industry’s 
need for research. He wrote exten- 
sively about scientists — the Fifth 
Estate, he called them: “. . . those 
having the simplicity to wonder, the 
ability to question, the power to gen- 
eralize, the capacity to apply . . .” He 
made a silk purse out of sows’ ears to 
give the lie to those who excused a 
lack of imagination by quoting folk 
sayings. 

The experience of World War Il 
gave the final impetus to industry's 
gradual conversion to the research 
doctrine until today, when it is a brave 
board chairman who does not report 


‘‘... To be effective, research programs must be continuous. You 





some kind of research effort to his 
stockholders. 


Research programs: 
their care and handling 


Having made an investment in re- 
search, however, how can you opti- 
mize the return? One of the first things 
is to know what kind of research you 
have undertaken. Without this under- 
standing, you will never know where 
or when to look for your returns. 


cant turn 


Quality control and technical service 
to sales or production are necessary. 
But they are not research. Yet, how 
often do R & D personnel spend their 
time on these duties and never have 
a chance to make a research payoff 
possible? 

Product or process improvement is 
the beginning of true R & D, and takes 
an average of one to two years to com- 
plete. New product or process develop- 
ment frequently takes longer. 

Fundamental, or basic, research is 
a real gamble, for here the scientist is 
seeking new knowledge, not merely 
applying what is known to a specific 
end. Yet basic research is what turns 
up the wholly new materials that may 
pay off handsomely when their uses 
are clear. Time in the laboratory is 
more difficult to predict for basic 
work, and development work will 
probably have to follow; say four to 
10 years 

Technical manpower then, can be 
used for many different purposes 
Management can measure the returns 
only when it has a clear idea of where 
the effort is being applied and, hence, 
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fluctuating sales...” 


what kind of return can be expected 
It is not enough to buy some 
technology (put money in the slot ma- 
chine) and watch it pay off. If new 
products are wanted, quality control 
or technical service produce 
them, and basic research may provide 
the only means for obtaining them. 
Vital in planning a new product 
program that can pay off is the effort 
to be spent outside the laboratory in 


production preparation, market test- 


won't 








ing, product modification, and market 
development. Thus it is usual to say 
that five years will go into product 
development and two into market de- 
velopment. 

The latter is the area from which 
comes much of the high failure rate 
for new products management 
does not understand the market well 
enough to develop a marketable prod- 
uct, or does too little to develop the 
consumers’ appetites. 

Research alone will not produce a 
jackpot. It can provide the means for 
winning the big money if management 
knows how to take advantage of the 
opportunity through executive deci- 
sions, skillful engineering; good plant 
operations, clever marketing, and the 
like. 

“The inescapable fact,” according 
to one company official, “is that re- 
search is simply one of several vital 
factors in the success of a business. 
The separation from the total mix of 
the research portion defies even the 
most comprehensive analytical meth- 
ods.” 

Payoff, then, is no immediate cer- 
tainty; it takes time and the combined 
efforts of all a company’s departments. 


Jackpot requisites 


Obviously the research and develop- 
ment staff must first produce some- 
thing on which the rest of the company 
can capitalize. Skillful management is 
another requisite. One of the aspects 
of this is a clear idea of company ob- 
jectives and their communication to 
the technical staff. Without such guid- 
ance the research director will have 
difficulty in selecting appropriate areas 
of investigation. 

While such a statement may seem 
too self-evident for emphasis, the error 
is all too common. A cross-sectional 
sample of the many surveys of re- 
search activities made by A. D. Little 
Inc. indicates that a majority of com- 
panies have been remiss in this matter. 
In almost all cases, top management 
lacked a thorough understanding of 
R & D, what it could and should do, 
and how to use it. Little wonder that 
a large number were devoting too 
much time to defensive research and 
many were using their technical 
people primarily for service work in 
sales or production 


V-Ps of research needed 


Several remedies suggest themselves. 
One or more technically oriented men 
on the board of directors and in the 
ranks of top management will help to 
clarify and support research planning. 
When the research director himself is 
a vice-president and has both equal 


status and constant communication 
with the other top officers, his work 
will relate more realistically to that of 
the company as a whole. 

Frequently an R & D advisory group 
proves useful in screening projects 
before they go into the laboratory and 
after work has been under way. By 
this means, interesting but irrelevant 
or unrealistic ideas do not get started, 
and time and money will not be wasted 
unduly. 

Underlying most of these sugges- 
tions is the need for communication 
within the R & D staff and with other 
departments. Lack of this showed up 
in a high percentage of companies in 
the surveys mentioned above. Unless 
the operating divisions are kept in- 
formed of the progress of technical 
work and its profit potentials, they 
neither can be prepared to take ad- 
vantage of it nor can they be expected 
to show much interest 


Answers without questions 


And the research group must have 
some check on the relevance of its 
work. An executive summed up the 
problem succinctly: “This emphasis 
on communications should include 
periodic matching of research objec- 


tives with overall company policy. 
Policies change with time. There is 
scarcely anything more frustrating 


than an answer, the question for which 
no longer exists.” 

The only realistic retort to manage- 
ment’s concern with the correct per- 
centage of sales to be spent on re- 
search is that there is no magic 
number. The range is wide. 

The food industry as a whole is on 
the low side, averaging about 1% or 
less. In electronics and instrumenta- 
tion, however, the amount may reach 
10 to 15%. It seems to be true that 
the growth industries generally spend 
at a high rate. The chemical industry 
now is putting about 4% of sales into 
research 
ago. 

Minnesota Mining & Manufacturing 
reports it is budgeting about 4.5% of 
sales into research. Result: 3-M sales- 
men have a new product to talk about 
four times a year and almost a com- 
plete new line every three years. 

A better guide than tying your re- 
search budget to a fixed percentage of 
sales is to examine the company’s 
needs in terms of its corporate plans 
and its competition. When a company 
loses sales because of technical supe- 
riority of a competitor’s product, the 
need for research becomes painfully 
evident. 

Research programs to be effective 
must be continuous, not turned on and 
off like a faucet 


twice the rate of 10 years 


as so often is the 
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case where budgets are a function of 
fluctuating sales 


To play or not to play 


fo understand the facts of research 
life is to share in the growing rewards 
It is knowing something of the odds 
built into the slot machine. You gam- 
ble less when you make your invest- 
ment because you know how the ma- 
chine works. In fact, not to play is 
hecoming the greater gamble 

Ihe increase in research has speeded 
change to a point unknown to an ear- 
lier generation. Long-range planning ts 
now essential and much more difficult. 
Defensive research ts necessary merely 
to stay in the game; only aggressive, 
creative research permits significant 
growth and profits 

The 11% 


companies invest in outside contract 


of their budgets that small 


research is not surprising, for they 
cannot afford to maintain elaborate re- 
search staffs housed in academic or 
palatial centers. Indeed research ex 
penditures necessarily take a larger 
proportion of the available funds of a 
small business, and the smaller the 
company the greater the tingle in the 
pocketbook nerve 

Yet research is as necessary to small 
companies with their less extensive 
product lines as it is to industrial 
giants. Many industrial yeomen are 
coming to realize this. The Wilner 
Wood Products Co., of Norway, 
Maine, turned to Arthur D. Little Inc 
a few years ago tor advice on utiliza- 
tion of waste wood fiber. Today the 
company makes a substantial profit 
from this former waste material, has 
acquired considerable research expe 
rience, and uses the consultants as its 
technical staff 

Competition on any scale indicates 
a need for research. It ts a truism that 
a company today either creates change 
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4nd this one has a unique expansion attic.” 
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or becomes its victim. Nothing is as 
constant as change in the competitive 
world. 

One of the areas of payoff from re- 
search derives from the very size of 
this activity and benefits both small 
and large concerns. This is the pro- 
duction of equipment for the growing 
research market. Baird-Atomic Inc., 
of Cambridge, Mass., began 20 years 
ago when Walter S. Baird developed a 
spectrograph for metallurgical analysis 
that was simpler to use in a laboratory. 

Today his company produces a 
varied line of research instruments 
such as an infrared double-beam re- 
cording spectrophotometer for organic 
chemical analysis. Recent merger with 
a small firm added a full line of elec- 
tronic equipment for nuclear research. 

Similar experiences are doubtless 
widespread. In New England such re- 
search-based companies thrive in the 
technological atmosphere created by 
Harvard and MIT, and have contrib- 
uted to the region’s economic revival. 


New products 


Dollar returns from research are 
most readily apparent in the field of 
new products. Be these improvements 
in existing items or products wholly 
new in concept, they can mean more 
sales in present markets or an exten- 
sion into different markets. 

Additions to a product line provide 
greater stability of profits. In either 
case, the investment in research is 
paying off. Diamond Expansion Bolt 
Co. Inc., of Garwood, N. J., for ex- 
ample found it embarrassing to carry 
competitors’ hollow-wall fasteners to 
complete its product line. Yet this 
popular type of fastener seemed to be 
completely covered by patents. This 
fastener is inserted into a hollow wall, 
and when the central screw ts turned, 
it pulls three or more legs tight against 
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the inside of the wall to hold the 
fastener. 

Engineering research produced a 
new, patentable fastener that changed 
the profit picture on this item. The 
research program was extended to in- 
clude the design of production ma- 
chinery and automatic assembly equip- 
ment. In this case, a new product with 
greater profit potential was not the 
only return. 


New markets 

New markets can be one of the re- 
turns that research makes, sometimes 
quite unexpectedly. A small atomic 
clock is under development at A. D. 
Little for the Army Signal Corps. The 
demand for a clock that will lose or 
gain no more than 1/1000 of a second 
over a year’s time does not seem great. 

Yet 10 years ago, A. D. Little 
anticipated it would make no more 
than three or four of the helium lique- 
fiers cryostats developed with 
Prof. Samuel Collins, of MIT. But by 
the end of 1958, cryostat number 144 
was in the works. 

So also a filter capable of removing 
99.98% of particles from the air was 
developed for the AEC to screen out 
radioactive dust. Today at least two 
companies, Cambridge Filter Corp 
and Mine Safety Appliances Co., are 
producing these filters for many in- 
dustrial uses as well as for the AEC. 

In a less exotic vein, the Sanborn 
Co., in Waltham, needed a_ better 
paper for recording the readings from 
its electrocardiograph equipment. Re- 
search produced a completely different 
concept that provided a_ recording 
paper capable of receiving very rapid 
signals in permanent and immediately 
useable form. In a new, enlarged plant, 
the company today is producing a 
varied line of both medical and indus- 
trial measuring equipment using this 
new recording medium. 

Technology has advanced today to 
the point where “common sense” solu- 
tions are not always possible. Research 
staffs should be able to use their spe- 
cialized skill and knowledge for scien- 
tific solutions. 

When RCA was developing a color 
TV tube, for instance, difficulties arose 
over obtaining uniformity in the phos- 
phor coatings on the screen. Math- 
ematicians explored the theoretical 
limitations of increasing this uniform- 
ity, and experimental tests vindicated 
their solution. 


New processes 

Products are not the only area 
where payoff appears. Production sav- 
ings can achieve the same result. En- 
gineering research developed a process 
using high pressure blowing to in- 
crease the efficiency of blast furnace 











operation. Republic Steel was the first 
to install the process, and today it is 
in general use throughout the world, 
with savings per ton of pig iron and a 
possible 10 to 15% increase in output. 

In the paper industry, about 20 
years elapsed before the neutral sul- 
phite semichemical pulping process 
developed at the Forest Products Lab- 
oratory in Madison, Wis., was adopted 
widely. Here a neutral pulping solu- 
tion gives a high yield from hard- 
woods, and the product is widely used 
for the 


boards 


corrugated center in card- 

Like new products, new processes 
permit the exploitation of opportu- 
nities otherwise unavailable. The fluid- 
ized bed process, developed by Prof 
Warren K. Lewis, at MIT, as a 
consultant to Research for the 
catalytic cracking of petroleum, is a 
technique in which intimate contact 
between gases and solids are achieved 

More recently it has been under 
development for the direct reduction 
of iron with 


Esso 


ores fuels, in 
contrast to the conventional reduction 
method the blast furnace 
demands high 


Another advantage results from rela- 


gaseous 


which 
quality coking coals 
tively small units that can be econom- 
ically justified to supply small markets 
The payoff from this process in the 
metals yet to come, but 
several large companies have faith in 
its potentialities 


industry is 


Problem processes 


Research can make significant 
when processes which present 
problems When the Quincy 
Market Cold Storage & Warehouse Co 


recently found its 


re- 
turns 
arise 
brine pipes were 
leaking, it faced a problem of real mag- 
nitude. The pipes went under the city 
Streets to local firms to which the cold 
company furnished this re- 

Tearing up the streets and 
repiping the system would make such 
repairs prohibitively costly 


storage 


frigerant 


Research came up with a compound 
that could be poured into the piping 
system the leaks. The modest 
research now is paying 
off at better than five to one, in main- 


to seal 


investment in 


tenance and operating savings alone 

Production machinery, like proc- 
esses, are research products that can 
make significant savings. Computers, 
for example, complex that 
months are needed to build them (be- 
cause the relatively 
makes _ elaborate 


are so 
restricted market 
machinery prohib- 
itive). IBM turned to engineering con- 
sultants for a machine to assemble 
cores and wires in the magnetic core 
memory of the 704 computer. The re- 
sult was a device that did the job in 


15 minutes instead of the nearly 30 
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We taught ourselves 





to use the 
fondix computer 


...it's that easy. 


PETER M. LANG, Senior Engineer 
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“Our nuclear engineering staff, in developing 
commercial power reactors, required a 
full-sized digital computer that the entire ; 

Sais . 
group could use. We pic ked the G-15 and I —_ 
was first to learn its use. I taught myself 
in two days without help and in turn taught 
two-day classes for other A( F employees 
Many of us had no previous computer 
experience, but we are now keeping our G-15 \ 
‘hopping —often seven davs a week and \ 
eight to twelve hours a day” \ { 

THE G-15 GIVES YOU memory ind speed of 
computers costing four times as muc¢ h * Typewriter 
input-output, paper tape output und 250 | | 
characters / se¢ paper tape input at no added 
cost * Punch card input-output available + Extensive 
library of programs furnished * Strong user's ' 
sharing organization * Proven reliability * Nationwide 
sales ind service * Le ise OF purchase . 
{ 
Computer ‘ 
_—? = 
DIVISION OF BENDIX AVIATION CORPORATION { i ‘ = "L/ k 
es }) ——” ati 
Built and backed by Bendix, the G-15 is serving scores 
of progressive businesses large and small through fi 
out the world. For details, write to Bendix Computer, ~ a 
Department Y-4, Los Angeles 45, California =. » 
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Object is to 


hours required for hand assembly 
Noteworth 


dependen < of 


in research is the inter 
disciplines. The man 
agement of production ts increasingly 
lependent On operations research 

the use of the scientific method and 
mathematical techniques to assist de- 
cision-making. So 


practice in 


common is. this 


most large corporations 
that one can easily forget that research 
s Pasic in its use 


But 


ning and inventory 


n addition to production plan- 
control, a wide 
variety of other applications are pos- 
ible. One company used this research 
tool to decide where to distribute its 
effect The 
same technique can help in more ef 


fective 


italogues for optimum 


use of human sales representa 
lives 
Customer decay rate 


the OR staff at 
\. D. Little is examining the effective- 


Concerning selling 


ness Of advertising practices for some 
chents. Operations researchers have 
discovered that customers tend to stop 
buying at fairly uniform “decay 
ite ul advertising appears to be 
chiefly useful in attracting new buy- 


ers, although each medium used has a 
saturation level 

Mathematics also can be used to 
enable computers to do much of the 
dog work” in engineering. The power 
piping division of Blaw-Knox, for ex 
imple, now can figure in a matter of 
hours the stress analysis of the com 
plex piping system of a large power 
installation, a job formerly 


consumed weeks of engineering talent 


which 


Research is opening up this whole 


area, and it is becoming feasible to ex 


pect a computer to figure out an opti 


mum structural design or the most 


promising chemical formulations for 


desired specifications within the 


limits of data supplied 
Che social sciences, too, are coming 

up with new insights and skills to as- 

Intensive 


sist Management investiga 


tion of group dynamics is increasing 


our understanding of the ways men 


ATOMIC CLOCK experiment involves A. D. Little’s William Martin 
in observations of light transients in optically pumped sodium vapor 
find materials useful in atomic frequency standards 


work together, and managers are be- 
ginning to use these research findings 
like any others for more effective re- 
sults. The marketing equivalent is mo- 
tivation research. The example below 
shows a typical payoff from their 


research 


Several years ago a psychologist 
began a study for a powdered coffee 
manufacturer to determine why sales 
were slow. He began by asking a 
number of women why they didn’t 
use instant coffee. 

“We don’t like the taste,”’ they 
told him. 

Since this sounded like a stereo- 
typed answer for a much more com- 
plex situation, the psychologist set 
up an experiment to probe the mat- 
ter further. He drew up two shop- 
ping lists, identical except for one 
item — coffee. The first list included 
instant coffee; the other incorpo- 
rated the drip-grind variety. 

Each list was given to 50 wofmen. 
They were asked to paint a word 
picture of the sort of woman who 
might go to the store with such a 
list. 

Almost half of the women who 
worked from the list having instant 
coffee said that it represented a 
lazy woman and one who would not 
plan her purchases well. Twelve per 
cent thought she was a spendthrift, 
and 16% went so far as to say she 
was not a good wife! 

The women who worked from the 
list which included drip-grind coffee 
drew a different picture. Only 4% 
saw laziness, and none saw signs of 
a spendthrift or a bad wife. 

This experiment revealed to the 
coffee manufacturer that his instant 
coffee gave women a picture of 
themselves they didn’t like. He 
changed his advertising message— 
and the image of the consumer. 
The product was presented to show 
good planning and thrifty buying. 
The sales response improved re- 
markably. 





Are the possibilities exhausted? 

It almost seems that the explosive 
expansion of research in the last dec- 
ade must have exhausted the possi- 
bilities for new dollar returns. Actually 
the returns are just beginning to come 
in. The delay between investment and 
returns means that we shall be feeling 
the impact increasingly as time goes 
on 

The growing use of research by in- 
dustry can continue for many years; 
only a fraction of the companies and 
trade associations now take advantage 
of the potentialities of technology 

The cycle is almost self-generating 
when a few companies invest in re- 
search, their competitors must follow, 
and thus they are led on to aggressive 
research. Finally, the very nature of 
scientific research and scientists means 
that new developments and improve- 
ments in research itself are inevitable. 
We are on the verge of a still greater 


expansion with its proportionate 
dollar returns . 
.* 
a = 








“We have a safety system 


of keeping our employes from 
wandering and getting hurt.” 








tape recordin 


continued from page 68 : 
the test program stays intact and is 
instantly repeatable. 

To insure that components fur- 
nished by co-contractors and sub-con- 
tractors are given correct shake-table 
testing, JPL sometimes provides the 
program tapes. Thus a similar shake- 
table installation in another part of 
the country can precisely duplicate 
the tests run in the JPL laboratory. 
Any number of duplicate program 
tapes can be made, enabling wide dis- 
semination of a well-conceived test 
program. 

Many users of magnetic tape in- 
strumentation have added wheels to 
their test equipment. One manufac- 
turer of turbo-jet engines, has put 
magnetic tape to work in a complete 
mobile tape laboratory which houses 
all the necessary on-the-spot instru- 
mentation for a string of jet test cells. 
Equipped to record the output from 
any type transducer, the laboratory- 
on-wheels temperatures, 
pressures, flow rates, thrust, accelera- 
tion, and other variables in proper 
time relationship. 

Upon playback, in conjunction with 
a fixed laboratory tape data reduction 
installation, the recorded information 
can be processed in expanded, com- 
pressed, or true time, through oscillo- 
graphic equipment, harmonic and 
spectrum analyzers, and other data 
processing equipment. 

A significant feature of this manu- 
facturer’s tape recording setup is that 
it is a completely integrated installa- 
ion, built to the specific requirements 
of the string of test cells 


measures 


Tape in space 


Magnetic tape’s original “instru- 
mentation” application, developed 
about 10 years ago, was to record 
telemetered signals for later study. 
This fits in well with space activities 

In a satellite launching, for exam- 
ple, there may be a tape recorder in 
the satellite itself, in the missile which 
carries it into space, in the control 
room at the launching site, and in 
dozens of tracking stations scattered 
throughout the globe. With the aid of 
telemeter links, 
magnetic tape as soon as it’s gener- 
ated, before, during. and after 
launching. 

At some flight-test centers, magnetic 
tape serves as a common denominator 
on which all primary data is recorded. 
Some data is acquired by airborne 
tape instrumentation, some is _tele- 
metered to the ground, and some is 
telemetered from radar tracking sta- 
tions. The taped information from all 
these sources is fed to a central data 


data is acquired on 


processing system, where it can be in- 
spected easily by pen-and-ink readout. 


Change-of-time scale 


Magnetic tape’s ability to compress 
or expand the time base has qualified 
it for use in a number of interesting 
applications where the information 
occurs too rapidly—or too slowly—to 
be recorded by other means. 

For example, in a study of ship mo- 
tion at sea (on the S.S. Mariposa), the 
frequencies encountered were well be- 
low one cycle per second—much too 
slow for analysis by conventional wave 
analyzers. By recording on tape at 
17% inches per second and speeding 
up by a factor of 1024 to 1, the fre- 
quencies were brought to a _ level 
where separation and measurement by 
wave-analysis equipment were an easy 
matter. 

In another application, the reverse 
treatment was necessary. An aircraft 
manufacturer was experiencing shock 
problems from the firing of a plane’s 
armament, but was unable to evaluate 
the shock data by ordinary methods 

By recording the shock waves on 
magnetic tape and slowing them down 
so that a thousandths of a second was 
stretched to a full second, it became 
possible to use the recorded signal to 
write out a visual trace. Thus the 
exact extent and nature of the shock 
pattern became clearly evident, as well 
as the manner in which it was trans- 
mitted through the plane’s structure 

Tape’s magic memory is at work 
under the sea, as elsewhere. U.S. Navy 
submarines carry tape recorders which 
can capture (for training and study) 
the ping of a sonar echo from a 
school of fish, the underwater sounds 
of a ship’s propeller, or the swish of 
bubbles from the sub’s own wake 

In an application which rivals a 
trip with Jules Verne, a miniaturized 
tape recorder has been designed to ride 
a Polaris missile when fired from un- 
derwater. The most critical moments 
of a Polaris flight occur from the 
time the missile leaves its submarine 
launching platform until it’s safely 
airborne. 

To get a complete record of these 
critical moments, the piggy-back re- 
corder hitches a ride in the launching 
pod, falls free after the missile and 
pod separate, and is recovered for 
analysis 

These are some of the diversified 
tape recording practices in use today. 
They're a far cry from the “exclu- 
sive” home entertainment uses of not 
too many years ago. And—as Marvin 
Camras writes in the accompanying 
article—they're equally limited com- 
pared to the promising possibilities 
now being researched in the labora- 
tory « 





continued from 
page 30 


comment 
Chemical, GE, Huggins Labs, IBM, 
ITT Corp., Lenkurt Electric, Levinthal 
Electronic, Link Lockheed 
Missiles, Microwave Engineering Labs, 
Palo Alto Engineering, Philco, Shockley 
Semiconductor Labs (of Beckman In- 
dustries), Sperry Gyroscope, Stanford 
Research, Sylvania, Varian Assoc., and 


Aviation, 


Westinghouse. 

Outstanding feature of the Honors 
Cooperative Program is that it gives the 
same quality instruction to industry stu- 
dents as to regular university students 
The industrial students must meet estab 
lished high academic standards. They 
compete with full-time graduate stu- 
dents, rather than with each other as is 
usually the case in industry classes 

The companies benefit, of course, by 
their employes’ knowledge 
Recruiting-wise it’s attractive to offer 
technical men the opportunity to work 
toward an advanced degree while earn 


increased 


ing a salary 


One comparatively minor disadvan 
tage 

For a small company the outlay of 
money and employe time can be a hard 
ship, or an impossibility. (Each com 
pany pays the university about $500 per 
year per student.) 

Initiator of the plan is Dr. Fred | 
Terman, provost of the university; ad 
ministrator is L. Farrell McGhie, asso 


ciate dean 
R & D contracts 


® A three-year Air Force contract for 
$11 million as a first-year starter has 
been awarded to Bendix Aviation Corp 
to develop an airborne weather system 
Bendix is attempting to devise a system 
for jet aircraft in flight to be used as 
flying weather stations—1!0 miles up at 
slightly below the speed of sound 

® The final engineering design of a 
large-scale nuclear reactor to cost $145 
million has been assigned to General 
Electric by the AEC. The reactor, to be 
built at the Hanford Works, will be de 
signed to produce 
with the possibility of later conversion 


nuclear materials 
for power 

® Ways to control growth of trees 
without impairing their health or appear 
ance is being explored in a five-year 
research program at Battelle. Sponsored 
by Edison Electric Institute, the point 
of the research is to maintain adequate 
tree clearance on pole lines 

® Development, production, and main 
tenance of several new guided missile 
computers for the Nike-Zeus anti-missile 
program are included in a $20 million 
order awarded by the Army to Rem 
Rand Univac Division. Bell Telephone 
Labs will participate 

® Problem of flight control for manned 


continued on page 85 
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flying machine continued from page 37 


advanced future airliners are in full- 
test dreaming, planning, and design- 
ing Stages 

In one of these stages is a super- 
sonic VTOL airliner that Ryan report- 
edly is researching. Ducted fans, 
buried in the wings, would provide 
vertical lift 

In England, two delta-winged 
Mach-2'2 transports have been pro- 
posed, one by Dr. A. A. Griffith of 
Rolls Royce; the other by Dr. B. N. 
Wallis of Vickers-Armstrong Co 
Sweepback of wings on both ships 
would be an extreme 75 degrees 
While this shape is excellent for cruts- 
ing speeds, it problems at 
landing and takeoff because its lifting 
force is best when the craft is at an 
extreme angle to the ground. Diving 
into the runway at the necessary at- 
tack angle would be too much for al- 
most any conceivable landing gear 


Causes 


Griffith's answer is to replace wing 
lift entirely with jet lift during land- 
ing and takeoff, using a battery of 
about 100 small ranked 
along the windowless fuselage for the 
vertical push—for a few minutes dur- 
ing each flight 

Since wing shape is the cause of 
low-speed difficulty in the delta-winged 
craft, Wallis solves the problem by 


turbojets 


changing the shape of his wing. For 
coming onto and leaving the runway, 
his swallow-tail delta wing (hinged 
probably on a_ big ball-and-socket 
joint) would swing out at right angles 
to the fuselage and give extra lift. The 
wing's center of lift could be changed 
at will relative to the center of gravity 
of the whole airliner 

Turbojets for this polymorph trans- 
port would be carried in double-deck 
wingtip pods, free to pivot for con- 
trolling pitch, roll, and cruising thrust 
A range as high as 15,000 miles is 
envisioned 

Features remindful of both these 
British projects would be used in a 
Mach-3'2 VTOL transport which the 
NACA is researching. A model of a 
big delta-winged craft similar to the 
Griffith ship will be test-flown as part 
of the research investigation. 

The finished airliner would weigh 
400,000 pounds, carry 150 passengers, 
lift and settle vertically on the blasts 
of two under-belly batteries of 90 jets, 
and both lift and cruise on the thrust 
of the two wingtip clusters of four 
larger engines, pivoting for vertical 
and horizontal power 

Lockheed’s Mach-3 transport is ex- 
pected to have VTOL capability, fly- 
ing 2,000 mph at a cruising altitude 
of 50- to 60,000 feet. Carrying 85 to 
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100 passengers for trips in stage 
lengths of 1,000 miles or more, its 
seat-mile cost might run 209% lower 
than that for the new subsonic jet 
airliner designs. 

Douglas Aircraft is reported to be 
making progress on its plans for a 
Mach-2 transport, a plane based to 
a considerable degree on the firm’s 
work with the DC-8. Boeing also is 
looking into the possibilities of super- 
sonic airliner designs. 

Developing a new transport is not 
a one or two-year project. Only after 








Stabilitvy—par excellence! 


13 years of research and testing was 
Boeing’s 707 ready to be listed in 
the timetables. 

Or was it? 


High power=high noise 


Noise turned out to be a major jet 
transport problem. New York, Los 
Angeles, London, and European cities 
have imposed sound-level or flight 
restrictions on the transports. To solve 
the problem, both Boeing and Douglas 
have designed sound suppressors which 
break up and channel the noise-mak- 
ing 765-mph exhaust blast through 
baffles of tubes or geometric openings. 

Other solutions to jet noise also 
have been considered. Armour Re- 
search Foundation has shown that 


once weather conditions are known, 
the amount of noise striking at ground 
accurately. 
reports. 


level can be _ predicted 


Sound-propagation weather 


based on this method, might allow air- 
lines to alter flight paths or use vari- 
able noise-suppressing systems. 

Still another answer to the noise 
problem would be to base the jet 
transports on water instead of popu- 
lated land areas. An example of the 
type of aircraft which could be used 
is the Martin P6M SeaMaster, a 600- 
mph Navy flying boat which can be 
brought up and onto land in a beach- 
ing vehicle controlled by the plane’s 
pilot. 

The noise investigation is just one 
example of the current intensive mili- 
tary-aviation activity. This research 
ranges from studying the grain struc- 
ture of heat-resistant airframe metals 
(such as molybdenum) to researching 
the best ways of giving space fliers 
their food (such as meat and vege- 
table pastes). 


Military aviation 


It was nearly five years after the 
Wright brothers’ first sorties at Kitty 
Hawk that the first military aviation 
flights were made in the United States. 
The date was Sept. 9, 1908; the air- 
plane, a Wright Type A. 

Today, in an era of-intense military 
activity, this time lag seems unthink- 
able. In many areas, military and civil 
aircraft seem inevitably wedded, their 
R&D highly interrelated. 

Operational experience with the F- 
104 Starfighter will help shape the 
supersonic design of Mach-3 civilian 
transports. Research, prototype devel- 
opment, and flight studies for Boeing’s 
commercial 707 jet have helped give 
the Air Force its KC-135 jet tanker- 
transport. Operations of the tanker, 
in turn, have contributed to 707 de- 
velopment. 

But the cost of developing and pro- 
ducing new military flying vehicles 
comes high—-some 30% higher in 
1958 than the year before. The De- 
fense Department's approved budget 
for 1959 covers some $2 billion for 
research and development and $11 
billion for buying aircraft and mis- 
silles. The R&D appropriation alone 
is $444 million higher than last year. 

The force behind it all? 

Facing bluntly against our air serv- 
ices are the swept wings of 21,000 
Soviet military aircraft and nose cones 
of squadrons of Russian IRBM and 
perhaps ICBM missiles. 

The U. S. military future rests on 
extremely fast intercontinental deliv- 
ery of maximum armament. Current 
Air Force spending points to the mis- 
sile as the ultimate form for making 
the delivery. The belief is that the 
United States is at least a year be- 
hind the U.S.S.R. in developing inter- 
mediate-range missiles. New spending 
for missiles in this country in 1959 








GREATEST FIREPOWER of any Navy 
jet fighter is clustered in the 
Mach-2 McDonnell F4H-1. Twin jets 
are mounted astride fuselage 

for fast carrier takeoffs. 


comment 


continued from page 83 


space aircraft during and after entry 
into the atmosphere is being studied by 
Cornell Aeronautical Labs for the At 


is expected to go up 43%, (to $2.7 
billion), while spending for manned 
aircraft probably will drop 5%, (to 
slightly less than $4 billion) 

Even with the shift in spending, 
manned aircraft developments con- 
tinue in the lead. The emphasis is not 
Rather it 
answers a single need required of both 
aircraft and missile designs: the need 
for quickly spanning great stretches 
of geography that lie between West 
and East 


necessarily contradictory 


Geography spanner 

A good example is Canada’s Avro 
Arrow, one of the biggest (30 tons) 
fighter-type aircraft yet built. Twin 
Pratt & Whitney J75 engines power 
the test craft. Even more powerful 
Orenda Iroquois engines, two of them. 
will be installed later, after the Arrow’s 
structure has proven itself 

Speed and size of the CF-105 
Arrow, big as many World War II 
bombers, were dictated by the job of 
carrying enough fuel and equipment 
racing from area to area, defending 
the vastness of Canada in a day when 
missiles and electronic controls still 
have not been sufficiently perfected 
and are not plentiful enough to do 
the job 

[his interceptor has been called 
potentially the world’s fastest aircraft, 
although it has not reached any rec- 
ords in its speed trials so far. What 
it has reached, though, like some 
other supersonic craft, is the begin- 
ning of structural heating problems 

[he plane has tremendous power 
Even at its heaviest takeoff weight, 
the thrust-to-weight ratio is one 
higher than any existent aircraft ex- 
cept VTOI 
friction heating problems begin be- 
tween Mach 2 and Mach 3, the Arrow 
as currently conceived will be limited 


models. Yet since air- 


in speed despite any power it may 
have. 

Manned flight is beset with such 
problems. Some say 
problems _ plus 


aerodynamic 
ingeniously — steered 
remote controlled missiles already are 
obsoleting the highest-performing craft 
of today, including the F-104. The 
new flying machines, they contend 
will not be manned at all 

Or will they? « 
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Next issue: 


The Flying Machine, Part 2, Spacecraft 
While the 


known it, is endine an era 


airplane, as we have 
flying is 
progressing faster and higher. In the 
next issue, the author will follow this 
mixed-engine vehicles 
that will take man heyond the last 
fringes of stratosphere, the 


progress the 


guidance 
systems which will fly and yet not fly 
them. Also to be considered will be the 
ramjets, photonic drive, rocketships 
and craft such as the Dyna-Soar hy 
which will skim a 


pilot through space at 18,000 mph 


personic glider 





Force. 

® A $1 million plus contract has been 
awarded by the Signal Corps to Philco 
to design and build two medium size, 
mobile electronic data processors. Use 


is for combat computation 


Vanagement and design 


We've been asked: “Why the obvious 
ly expensive emphasis on design in a 
management magazine?” 

Answer: Because we feel a manage 
ment magazine should reflect what is 
important to management. Design enters, 
or should enter, into most management 
functions—certainly manufacturing, re 
search, and marketing 

Good design should surround a good 
company. It should be inherent in a com- 
pany’s people, advertising, letterheads, 
and products. Good or bad, design is your 
chronic display 

One thousand of you may remember 
one of /¢R’s preliminary surveys last 
March in which you were asked whether 
you'd like to see the proposed new mag 
azine illustrated and presented attrac- 
tively in the manner of leading consumer 
publications. Answers ran 51-49—only 
slightly in favor of good design. The 
other half answered that attractive de 
sign in a scientific management maga 
zine was of little or no importance 

Later, in an informal, personal sur 
vey, two technical articles were left 
with a hundred busy technical execu 
tives. One article was titled in a pro- 
vocative question and laid out with lib 
eral use of color, photographs, and art 
illustrations 

The other was crowded in the man 
ner of the worst trade magazines: the 
title was a complicated noun-adjective 
combination, type was jammed together 
on the page, photographs were small 
and there was no art work 

Unknown to the subjects, both articles 
read exactly the same 

When asked which of the two the 
person would rather read, about half of 
the technical executives chose the dull 
looking article. When asked why, they 
answered that it seemed more like the 
kind of article they had to read in order 
to find the information essential to their 
job 

Both articles were left with the sub 
jects. When the questioners returned a 
week later and asked which of the two 
articles they had read, the answers 
almost invariably (94%) were that only 
the attractively-designed article had 
been read 

We—as you—favor good design 


The editor 
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BOOKS OF THE QUARTER 





Provably the most constructive of 
criticisms leveled against science, educa 
Joseph W 
ind Education at the Cross- 


Affairs 


tion, and government is Dr 
Sull’s Science 
(Public 


roads 


$3.75) 


Press 140 pp 


Despite its prosaic title, the book offers 
an exciting view of contemporary life 
1 view from the laboratory. Stil, a 
research M. D 


tions into the 


known for his investiga 
cause of aging, and a 
contributing editor to this magazine, feels 
that our entire educational, scientific, and 
governmental systems are unsound 

He advocates strong federal control of 
schools, eliminating the thousands of un 
qualified local school boards; an organ 
ized system of interrelating scientific 
effort (today it often is cheaper to repeat 
search archaically-or 


research than to 


ganized libraries for a report of earlier 


work): and biology as a tool of diplo 
macy 

On the latter score, Still believes that 
U.S 


not only just, but 


aid to underdeveloped countries ts 
mandatory for the 


survival of civilization. He warns that 


unless we industrialize these areas—and 


oon it will be too late to hold world 


population to 16 billion, the highest 
possible ceiling 

The ultimate end of the cold war, Suill 
iys, will be either one world or none 
His plan for disarmament is to establish 
a “zone of peace” under a UN guarantee 
first for underdeveloped nations, and 
ultimately for the big powers 


And what, you may ask, is a scientist 


loing talking about government and 
world peace” 
Practicing what he preaches for one 


thing—that scientists must be represented 


n government 
One example 
ited DDT that 


other 


scientific research cre 


wiped out typhus and 
warm-climate 
ease Yet, the 


lives to this 


insect-carried dis 
millions who owe their 
American research are dis 
trustful of us—mainly because of our 
government's failure, first to understand 
what we have accomplished, and then to 


follow through with other constructive 


available in this 


* * * 


cientific tools nation 


For your sons: Stimulating teenagers 


toward worthwhile goals is not always 
easy, especially when father is the goal 
Many industrial executives started out as 
scientists and engineers; many wish they 
did. At any 


scientific 


doubt the value 
their off 


interest or 


rate, few 
ot a education for 
spring, but note a lack of 


outside stimulation 
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A series of books of fiction have been 


issued by Popular Mechanics Press to 
provide such a stimulant to boys nine to 
Neil P 


magazine, are 


16. The latest two, written by 
Ruzic, 


There's 


editor of this 
Adventure in Civil Engineering 


and There's Adventure in Meteorology 
(187 and 166 pp respectively, $2.95 ea.) 

The Civil Engineering book 
Randy, 16, and his brother Sam, 9, on 
an adventure from Alaska to Cape Horn. 
North, South 


America, they live the design and con- 


leads 


Through Central, and 


struction of highways, bridges, tunnels, 
and canals 
In There's Adventure in Meteorology 
Randy and Sam stowaway on a weather 
plane that flies into a hurricane. Ma- 
learn to build 


their own weather instruments as an aid 


rooned on an island, they 


to survival. Elsewhere in the book, they 
meet IGY 


tions 


researchers, visit weather sta 
and learn about the natural forces 
that affect man’s environment 

More 


matter 


than for their specific subject 
these books are worthwhile be 
cause they explain the value of science to 
industry and society, and emphasize the 
scientific method as an aid to everyday 
Both books frequent 


illustrations ~ 


thinking have 





semiconductors 


continued from page 75 


permit reliable measurement of its 
properties, or to permit the design of 
improved devices 


Beyond transistors 

Although the transistor has launched 
the great study of semiconductors, 
they are no longer the only “miracle” 
devices. Other semiconductor devices 
are finding important markets and 
contributing to the rapid growth of 
the industry. This fact, often over- 
looked, is an important clue to the 
future of the semiconductor industry 

Paralleling rather specialized vacu- 
um and gas tubes designed for more 
restricted applications are several re- 
cent specialty semiconductor devices 
Among bistable diodes, 
which act as negative resistances over 
portions of their voltage-current char- 
acteristics; layer triodes, which can be 
“fixed” by a signal on one element 
(“fixed” in a sense similar to that of 
‘fixing’ a gas thyratron), and “Zener” 
diodes, which are proving themselves 
effective voltage 
somewhat like the voltage reference 
gas tube. 


these are 


reference devices 


While these devices do not possess 
the broad versatility of the transistor. 
their role will be significant in large 
volume applications. Still other de- 
with even more diverse 


vices, uses, 








are appearing as a result of intensive 
semiconductor investigations. 

Sensing elements, or energy trans- 
ducers, also will be important future 
semiconductor devices. They include 
infrared detectors, temperature meas- 
uring devices (such as thermistors). 
and nuclear radiation detectors. 

Newly developed high sensitivity 
infrared detectors have helped to 
spark the recent revival of infrared 
systems for aircraft and missiles. The 
future will see infrared systems assume 
an important military role — not as a 
replacement for radar but as a com- 
plementary component to assure a 
greater overall effectiveness. Industrial 
and commercial applications of infra- 
red detectors will follow as a natural 
consequence of increased availability 


Sun-power cells 


Silicon solar cells represent one of 
the most important byproducts of 
the intensive semiconductor material 
studies of the past decade. They con- 
vert sunlight to electrical power with 
an efficiency of 8 to 10°, and already 
have found application in rural tele- 
phone systems and have gone into 
satellites as transmitter power sup- 
plies. In the consumer market, solar 
cells have found limited application 
as power sources for transistorized 
portable radios and hearing aids. 

It is safe to predict, however, that 
increased efficiency and considerably 
decreased cost for solar cells will be 
achieved in the future, thus greatly 
extending the market for such devices. 
Obviously, the use of solar cells in 
satellites and space vehicles will be 
extended for the simple reason that 
the sun is an unfailing source of 
energy in space and the silicon solar 
cell has potentially unlimited useful- 
ness: there is nothing to wear out. 

It is equally easy to foresee wide- 
spread application of solar cells in 
backward and impoverished areas of 
the world that lack other natural 
energy resources. 

In the nuclear field, recent research 
has led to semiconductor devices 
capable of measuring and integrating 
total exposure to neutron radiation 
These devices are simple in design 
and can be “read” promptly. They 
may be worn like the conventional 
film badge, thus affording a conveni- 
ent monitoring of exposure to such 
radiation. 

When all of their past deeds and 
latent possibilities are considered, 
semiconductors certainly seem ideally 
suited to the technology of our times. 
The future of the semiconductor in- 
dustry seems assured for many years 
to come or at least until another, 
equally marvelous technological break- 
through occurs . 








GET YOUR SHARE 
OF DEFENSE 
DOLLARS 


Datagraf Locator Charts give you up 
to-date room and phone numbers of the 
key personnel of the Department of De- 
fense and other buying activities of the 


Government 








DATA Put : WHO'S WHO in 
ae U. S. ARMY SIGNAL CORPS 
Washington 6, D. ¢ USASSA PHILADELPHIA 


Very useful chart of all key people, room num 
bers. phone extensions, chain of command in 
U. S. Army Signal Supply Agency in Philadel 
phia. If you want to sell anything to SigCor, this 

is key char 
WHO'S WHO IN OFFICE Ol $1 WHO'S WHO in CAA $1 


THE SECRETARY OF DEFENSI Very complete listing of 344 key ollicials of Civil 


Complete block diagram showing functions. rela Acronautic Administration. Room and phone 
e authority, lines of influence, locations, phone number ‘ ill key Washington people, key 
numbers regional officers listed 


WHO'S WHO IN THE NAVY $1 WHO'S WHO in JCS $1 
(Revised November 1958) JOINT CHIEFS OF STAFF listing of all 305 


Department of the Navy h Iqu ters laid tin key off titles, room numbers, extensions on 
CPt " aor t c i me Lei hat S rll ou . 

’ f x } oO 
detail in a block diagram showing hundreds of One Sun ide has chain-of-command block 


| 
liagrams with names 
key off ls, their functions and relationships . 
| 


WHO'S WHO IN THE ARMY $| WHO'S WHO in BUAER $1 
(Revised November 1958) BUREAU OF AFRONAUTICS chart gives key 

ersonne on nd phone numbers in block 
Headquarters offices of the Army in the Pentagor 


diagram tormat for this Navy burea 
forth in complete detail UK 


ng building locations WHO'S WHO in BUSHIPS 
WHO'S WHO IN THE AIR FORCI pac teagiiny Fer lbegante Seige A 
Complete chart of the Air Staff divisions nm 
1 staff offic AIR FORCE BASES 
WHO'S WHO IN THE OFFICI evised August 1958) 
OF NAVAL RESEARCH 
d listing of key pe 
n s on one side of chart 
m of ONR oflices on flip side 


Is shown down to the fifth echelo 


onc 


\IR FORCE INSTALLATIONS MAP . A aa ES CONTRACTING 
Guide t y major A. F. installation in Cont : 
nt l S July 1958 iss of DATA 
AIR FORCE OFFICE OI wenn in 
SCIENTIFIC RESEARCH pec 
gust 1958) Projects Ager 
r AFOSR reference > NAVY BASES 
quarters. W have an 


Comr tion of 
oom numbers 


NX 

WHO'S WHO IN ARPA | + 

Guide to the Advanced Research Projects Agency ARMY BASES 

f the Department of Defens Alphabetical listing 1 addresses of all Class 
WHO'S WHO in , x. III bases of Army within continental | 
UL. S. ARMY SIGNAL CORPS aah die tae a ae 
WASHINGTON 


Yeriment station 


Compilet ck diagram ts excellent locator of all 


~ ‘als .- ( ss personnel in Wash PAYMENT ENCLOSED BILL Mt 


nd titles along with room 


j 


BILL COMPANY 
divisional respon- 


WHO'S WHO in $! 
U.S. ARMY SIGNAL CORPS 
R&D FOR MONMOUTH 
rch & Development Laboratories of U.S 
, Ft. Monmouth, shows 
n of command block d 
titles. room and phone numbe 


onon flip side, CILTY-ZONE-SITATEI 


NAMI 
COMPANY 


ADDRESS 


DATA Publications Dupont Circle Building Washington, D.C. 
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CROSS-DYEING fextiles is possible by 
mixing fiber types in same fabric 


These are chemicals in which a metal, 
or “inorganic” atom such as tn, iron, 
or silicon, ts bonded to the carbon 


itom of an organic compound 
letraethyl-lead, an anti-knock addi- 
live in gasoline, is One organometallic 
manufactured in large volume. Ethyl 
AK-33X,. an 
manganese compound, reported to be 


tetraethyl-lead, 


Corp.s new organo- 
more effective than 
has stimulated research on other or- 
gano-metallics for this use 

Organoboron compounds will be 
investigated as high-energy fuels; or- 
ganotin compounds are being evalu- 
ated as mildewproofing agents and in 
other uses. 

The Air Force’s Wright Air De- 
velopment Center is sponsoring an 
extensive research program on organo- 
metallic polymers, with the aim of 
developing elastomers and plastics to 
withstand temperatures about 500°F. 

Polymers containing tin, silicon 
and boron will be studied more and 
more in 1959, 


Cancer and ‘emotion drugs’ 


Ihe success of tranquilizers has 

research by 
Merck 

Warner-Chilcott 


idditional drugs that control person- 


purred pharmaceutical 


companic Ptizer, Schering 
imong others—on 
lity and emotions 

Other active areas of pharmaceuti 
cal research are in cancer chemother 
py and in the control of cardiovascu- 
lar disease. Cardiovascular research is 
being aided by the National Institutes 
of Health's $32 million research pro- 
gram. NIH will spend $46 million for 
research on 


anticancer drugs (ster- 








oids, antimetabolites, byproducts from 
antibiotic fermentation). 


Although cancer researchers have 
uncovered a dozen chemicals that 
show some anticancer action, they are 
pessimistic about achieving any gen- 
eral cures. They are beginning to think 
that “cancer” may be a broad term 
covering several related diseases, each 
of which may require a different type 
of chemotherapy. 

And they adopt a cautious “wait- 
and-see” attitude about research re- 
ports that link cancer with viruses. 


The vanishing time-lag 


Research that was done in the late 
1940s, when the U. S. research effort 
began to accelerate rapidly, only now 
is being reflected in the appearance 
of new products on the market—the 
lag between invention and marketing 
being as long as 10 years. Economists 
expect that the tremendous upsurge in 
R & D since 1950 will be matched by 
a flood of new products on the mar- 
ket during the next few years. 

Further, cross-fertilization produced 
by increased research effort should 
shorten the time needed for develop- 
ment of many new ideas, and thus 
will multiply fruits of the research 
cornucopia 

Another aid in reducing the lag 
between research and production is 
provided by the newest of the re- 
search market research 
and operations research. These activi- 
ties, utilizing newly refined mathe- 
matical techniques and _ high-speed 
computers, are rapidly furnishing a 
scientific basis for planning how to 
use the products of research. 

Research activity itself during 1959 


specialties 


will come more and more under con- 
trol of planners armed with data that 
Robert E. Johnson, of Western Elec- 
tric calls “logistics research”—a com- 
bination of operations research, mar- 
ket research, industrial intelligence, 
econometrics, human engineering, etc 

Research scientists, however unfet- 
tered they may be in thinking about 
their work, generally are conserva- 
tive in their opinions about logistics 
They point out that it may 
stifle creativity at the same time it 


research 


directs their activities toward the most 
fruitful paths of research 

But logistics research, or something 
like it, is a must for increasing effi- 
ciency of the nation’s tremendous R 
& D effort. Twelve billion dollars for 
research is a fantastic sum. Yet it may 
be only the beginning al 


EDITOR’S NOTE: So that we may serve you 
hetter in future issues, we'd appreciate a 
postcard or letter ranking your interest in 
this and the other articles you read. Results 
vill appear in a “Letters to 1 « R"” column, 
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RARE EARTH AND YTTRIUM METALS 


available in high purity and commercial grades 


If you are interested in the rare earths 
in metal form for research and produc 
tion purposes you will find it helpful to 
talk with us at Lindsay. 

Rare earth and yttrium metals, in 
both high purity and commercial 
grades, are now available for prompt 
shipment from our inventory, in experi 
mental quantities 

Both high purity and commercial 
grades are furnished primarily in the 
form of ingots or lumps. You will find 
costs re isonable ind advantage ous tor 
your resear h on product deve lopm« nt 
and production operations 

Lindsay has been working with the 
rare earths for nearly 60 years and is 
the world’s largest producer of salts 
and « ompounds of thorium, rare earths 
and yttrium. Five vears ago Lindsay 
pioneered the first commercially in- 
stalled rare earth ion exchange units 
for the production ot se parated rare 


earths in puriti Ss up to 99.99* 


LINDSAY EXPANDS SERVICE 


As a result of increasing interest in the 
pot ntial advantages of using rare 
earth and yttrium metals, Lindsay is 
pl ised now to announce the expansion 
of its service facilities to offer these fas- 
cinating and extremely useful materials 
in metal form 

We hope we can tempt you to de- 
velop a healthy curiosity about the rare 
earths. During recent years they have 


been acc ept d as essential compone nts 


a report by LINDSAY 


HIGH PURITY RARE EARTH METALS 


Maximum rare earth impurities — 0.1% 


YTTRIUM 
LANTHANUM 


NEODYMIUM 
SAMARIUM 
CERIUM EUROPIUM 


PRASEODYMIUM 


GADOLINIUM 


TERBIUM 
DYSPROSIUM 
HOLMIUM 
ERBIUM 


THULIUM 
YTTERBIUM 
LUTETIUM 
YTTRIUM 


(lower purity grade) 


RARE EARTH METALS 


Commercial Grades 


CERIUM-FREE MISCH METAL 
MISCH METAL 


LANTHANUM, commercial grade 


in the production ‘f materials in a 
broad cross-section of the nation’s 
chemical, manufacturing, electronic 


and atomic industries. 


You are quite likely to have your 
own ideas for possible uses of rare earth 
metals in production operations or in 
your research on product development 
projects We would be happy to tell 
you about some of the 


many Ways i 


PLEASE ADDRESS INQUIRIES TO 


DIDYMIUM, commercial grade 
CERIUM, commercial grade 


THORIUM, commercial grade 


which these materials are being used. 


We can, however, furnish you a con 
siderable amount of interesting and re 
vealing technical data on rare earth and 
vttrium metals, including a detailed 
tabulation of properties, purities and 
costs. 

Please ask for our bulletin 
Earth and Yttrium Metals 


sent to you ] 


Rare 
It will be 


yromptly 
I 


LINDSAY (CHEMICAL | )IVISION 


American Potash & Chemical Corporation 


251 ANN STREET, WEST CHICAGO 
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The steel bar that has 
high strength WITHOUT 
HEAT TREATING 


Yes, La Salle invites you to test a sample bar of 
the remarkable new FATIGUE-PROOF. This 
amazing new material is its own best 
recommendation . . . as proven by the many 
original equipment manufacturers who have 


already tested (and are using) FATIGUE-PROOF. 


If you are making parts requiring strengths in 
the tensile range of 140,000 to 150,000 psi, and 
want to eliminate the expense or problems of 
heat treating... if you want to save production 
costs with a bar that machines faster (25% 
faster than annealed alloys—50% to 100% faster 
than heat treated alloys) and gives you a beautiful 
finish, too... if you want to improve the quality 
of your product while saving money, send us a 
blueprint, drop us a note giving application 
details, or better yet... pick up your telephone 
and call a La Salle sales engineer (REgent 
4.7800, Chicago, Illinois). 
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MADE BY THE 


Elevated Temperature Drawing 


a 


FREE 


(Get your copy ot 


a 24-page booklet which gives 


ad 


a new material 


detailed information on La Salle 


® steel bars 


Li Salle STEEL CO. 


1468 150th STREET ¢ HAMMOND, INDIANA 


Manufacturers of America’s Most Complete 
Line of Quality Cold-Finished Steel Bars 


riGUE-PROOF 


Please send me your ‘““FATIGUE-PROOF”’ Bulletin. 


Name____ 
imitans 
Company— 


Address 
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